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Project F-53-R, The Illinois State Fisheries Genetics Research Program was
conducted under a memorandum of understanding between the Illinois Department of
Conservation and the Board of Trustees, University of Illinois. The actual research
was performed by the Illinois Natural History Survey, a division of the Department of
Energy and Natural Resources. The project was supported by Federal-Aid (Dingell-
Johnson) funds as prescribed under the Federal Aid in Fish Restoration Act and was
performed in compliance with its provisions. The form, content, and data
interpretations made in this report are the responsibility of the University of Illinois and
the Illinois Natural History Survey, and not that of the Illinois Department of
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Study 1: Genetic Catalog of Fish Stocks
Introduction
This study is designed to produce a genetic catalog of all batches of fish produced
in, or obtained by, the IDOC hatchery system, and to identify the taxonomic status of
unknown or questionable fish. This study was initiated during Project F-45-R, as Study
3. To date, we have received samples of individuals from 19 separate species and/or
their hybrids.
Job 1: Evaluation of Stocks of Fish in the IDOC Hatchery System
Objective: To define the genetic composition of all batches of fish produced in or
obtained by the IDOC hatchery system.
Results: To accomplish the genetic analyses, samples of each batch of fish were
taken by IDOC staff and immediately frozen, awaiting shipment to the INHS Fisheries
Genetics Research Laboratory in Champaign. These samples consisted of 20-30
individuals from each separate batch of fish produced within the IDOC hatchery
system or obtained by the IDOC from other state or federal facilities for introduction into
the waters of Illinois. For the genetic analyses, muscle, eye or liver tissues were
excised and homogenates prepared as described in Philipp et al. (1979). The
electrophoretic conditions and histochemical staining procedures follow those of
Philipp et al. (1979) and Koppelman and Philipp (1986). Allele frequencies at all
polymorphic loci were determined using the BIOSYS program of Swofford and
Selander (1981). Previous to this year, we have used the BIOSYS version
established on the CYBER mainframe computer at the University of Illinois. However,
to streamline analyses, we have switched to a BIOSYS version developed for the IBM
PC.
This is an ongoing study designed: 1) to monitor the genetic health of hatchery
broodstocks; 2) to detect genetic contamination of hatchery-produced batches; 3) to
identify genetically-tagged stocks that can be used to assess future fisheries
questions. The following are several examples of the types of results we obtain and
what these results can tell us.
Example 1: Rainbow Trout, Oncorhynchus mykiss
Table 1-1 presents the genetic composition data (allele frequencies at the
seven main polymorphic loci, mean heterozygosity levels, and percentage
polymorphic loci) for five different strains in the Illinois Hatchery System.
Table 1 -1. Genetic analysis data for five strains of rainbow trout.
ARLEE 88 IRWIN 88 SHASTA 88 MADISON 85 SKAMANIA 86
LOCUS/ALLELE FREQUENCY
GPDH-A 1 0.925 0.800 1.000 1.000 0.800
2 0.075 0.200 0.000 0.000 0.200
LDH-BB 1 0.000 0.000 0.000 0.000 0.150
2 1.000 1.000 1.000 1.000 0.850
3 0.000 0.000 0.000 0.000 0.000
LDH-C 1 0.150 0.100 0.000 0.000 0.000
2 0.850 0.900 1.000 1.000 1.000
MDH-BA 1 0.000 0.000 0.250 0.000 0.150
2 0.000 0.000 0.000 0.000 0.000
3 0.350 0.000 0.325 0.000 0.050
4 0.650 1.000 0.425 1.000 0.860
MDH-BB 4 1.000 1.000 0.950 1.000 0.950
5 0.000 0.000 0.050 0.000 0.050
SOD-A 1 0.700 0.425 0.300 0.325 0.750
2 0.300 0.575 0.700 0.675 0.250
PGM-A 1 0.000 0.150 0.075 0.000 0.050
2 1.000 0.850 0.925 1.000 0.950
SUMMARY
Heterozygosity 0.181 0.177 0.186 0.063 0.199
% Polymorphic
loci 57.1 57.1 57.1 14.3 88.7
These results illustrate the degree of variability among different strains of rainbow
trout. Furthermore, the Madison 85 strain had the lowest amount of variability
suggesting that this strain may have passed through one or more genetic bottlenecks.
Based upon the high likelihood of past inbreeding problems, the Madison 85 strain
would be expected to show the poorest performance characteristics in the wild.
Conversely, the Skamania 86 strain would be expected to show the greatest
performance, because it has the greatest degree of genetic variability remaining.
To assess the long-term genetic health of a broodstock, genetic composition results
of annual offspring production for a single strain are compared. Table 1-2 shows
these data for one strain, the Arlee strain over five years.
Table 1-2: Genetic analysis data for Arlee strain rainbow trout over five years.
1983 1984 1985 1987 1988
LOCUS/ALLELE FREQUENCY
GPDH-A 1 0.950 1.000 1.000 1.000 0.925
2 0.050 0.000 0.000 0.000 0.075
LDH-BB 1 0.025 0.025 0.000 0.000 0.000
2 0.950 0.975 1.000 1.000 1.000
3 0.025 0.000 0.000 0.000 0.000
LDH-C 1 0.100 0.100 0.000 0.125 0.150
2 0.900 0.900 1.000 0.875 0.850
MDH-BA 1 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000
3 0.350 0.425 0.200 0.325 0.350
4 0.650 0.575 0.800 0.675 0.650
MDH-BB 4 1.000 0.975 1.000 1.000 1.000
5 0.000 0.025 0.000 0.000 0.000
SOD-A 1 0.850 0.850 0.825 0.800 0.700
2 0.150 0.150 0.175 0.200 0.300
PGM-A 1 0.050 0.050 0.000 0.050 0.000
2 0.950 0.950 1.000 0.950 . 1.000
SUMMARY
Heterozygosity 0.168 0.159 0.087 0.153 0.181
% Polymorphic
loci 85.7 85.7 28.6 57.1 57.1
These results illustrate the loss in genetic variability incurred from 1983-85 (a decrease
in H from 0.168 to 0.087). Interestingly, broodstock management, perhaps introduction
new individuals from an outside source of Arlee strain fish, caused a restoration of the
original heterozygosity levels in 1987 and 1988. Continued monitoring should help
provide future broodstock management assistance.
5
Example 2: Walleye, Stizostedion vitreum
Walleye fry and/or fingerlings from three different batches produced in Illinois and
from three different sources obtained from other states were genetically analyzed at five
polymorphic loci to assess population-level differences (Table 1-3).
Table 1-3. Allele frequencies of 1989 walleye.
Illinois Production
Jake Wolf, IL
Locus/
Allele N=15
Mdh-A
1 1.000
2 .000
Mdh-B
1 .733
2 .267
6-Pgdh-A
1 .000
2 1.000
Idh-B
1 .400
2 .600
Adh-A
1 .000
2 1.000
Little Grassy
Pond 13A
N=20
1.000
.000
.775
.225
.000
1.000
.450
.550
.000
1.000
Little Grassy
Pond 6
N=20
1.000
.000
.700
.300
.000
1.000
.175
.825
.200
.800
Out-of-State Production
Oneida,NY Senacaville,OH
N=15
1.000
.000
.933
.067
.000
1.000
.500
.500
.000
1.000
N=20
1.000
.000
.700
.300
.000
1.000
.725
.275
.000
1.000
These data indicate that although the three Illinois-produced walleye batches are fairly
similar genetically, the Little Grassy Pond 6 batch could easily be distinguished from
the other two batches based upon the allele frequency differences at the Idh-B and
Adh-A loci. The Wisconsin walleyes closely resembled Illinois production fish, but the
walleyes received from New York and Ohio were distinguishable. Variability observed
here is further evidence that a comprehensive population genetic survey of natural
walleye populations across the entire range of this species is badly needed.
Wiscons
N=15
1.000
.000
.700
.300
.000
1.000
.367
.633
.000
1.000
Example 3: Muskellunge, Eox masgquinongy / Northern Pike, Esox lucius
Muskellunge samples were received from the Spirit Lake, Iowa hatchery and
from Kalepp Fish Farms of Dorchester, Wi. (Table 1-4).
Table 1-4. Allele frequencies of 1989 muskellunge
Locus/Allele Kalepp Farms, Wl
N=3
Idh-B
1
2
Ldh-C
1
2
Me-B
1
2
Gpi-B
1
2
Gpdh-A
1
2
Est-B
1
2
Sod-A
1
2
Fum-A
1
2
Cbp-A
1
2
Idh-A
1
2
Est-A
1
2
Adh-A
1
2
1.000
.000
.167
.833
1.000
.000
.000
1.000
1.000
.000
.000
1.000
.000
1.000
1.000
.000
1.000
.000
1.000
.000
.000
1.000
1.000
.000
Spirit Lake, IA
N=15
1.000
.000
.467
.533
1.000
.000
.000
1.000
1.000
.000
.067
.933
.000
1.000
1.000
.000
1.000
.000
.633
.367
.000
1.000
1.000
.000
These results confirm that these batches of muskellunge were pure species and were
not contaminated with northern pike alleles. These results also suggest that the batch
of muskellunge received from the fish farm in Wisconsin had less variability than those
received from Iowa. This may indicate that the fish produced in Wisconsin all came
from a very few brood individuals or that the broodstock used had previously passed
through some genetic bottleneck causing loss in variability. In any case, performance
testing of different muskellunge strains might show distinct differences indicating some
strains should be selected for use over others.
Tiger muskie fry were received by Jake Wolf from Wolf Lake, MI in 1989. The fry
were evaluated electrophoretically at several known diagnostic loci, including Idh-B,
Adh-A, Me-B, Gpi-A, and Fum-A. The individuals examined were heterozygous at all
loci, confirming that they were hybrids.
Northern pike fry were received by Jake Wolf from Blue Dog, SD, and Genoa, WI in
1989. Individuals from each population (N-15) were screened for allozyme variability.
No variation was detected at the eighteen standard loci. Loci evaluated included Me-
A, Gpdh-A, Fum-A, Pgm-A, 6-Pgdh-A, Gpi-A, Ck-A, Ck-B, Ck-C, Idh-A, Idh-B, Ldh-A,
Ldh-B, Ldh-C, Mdh-A, Mdh-B, Adh-A, and Xdh-A. Interestingly, over the last several
years allozyme variability has been assessed for several populations of this species
from various hatchery sources. Only four polymorphic loci have been detected, and no
more than two loci have been found to be variable in any single population. This
unusually low level of allozyme variability may be related to the use of very few
individual fish for production of hatchery stocks.
Job 2: Identification of the Taxonomic Identity of Unknown Fish Specimens
Objective: To provide a service for the State of Illinois by which individual fish of
unknown or questionable classification (e.g. hybrid) could be identified.
Results: Seven specimens were analyzed for genetic variability and taxonomic status
during this segment: one Stizostedion sp. specimen, a single Morone sp. specimen, a
single Esox sp. specimen, a single Intalurus sp. specimen, and a number of Pomoxis
sp. specimens.
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A potential world record channel catfish caught in Baldwin Lake was obtained from
Buzz Imboden (IDOC Biologist). Electrophoretic analysis at the Ck-A, Mdh-B, Gpi-A,
Pgm-A, Aat-B, and Cpb-A loci revealed that this fish was, in fact, a blue catfish.
A tissue sample from a potential state record hybrid striped bass was delivered to
our lab by James Langbein (IDOC Biologist). This specimen was analysed at four
known diagnostic loci. All four loci were heterozygous confirming the hybrid status of
the individual.
Thirty Pomoxis sp. from several lakes were screened for taxonomic status. First,
twenty-two individuals from Mendota Lake (Mendota, IL) were analysed. Twenty-one
of these had genotypes typical of black crappie. A single individual weighing over two
pounds was identified as an F1 hybrid. Second, four individuals from Lake Kekusha
were analysed. One individual had a genotype typical of an F1 hybrid, another had a
genotype most typical of a backcross (F1 x W or W x Fl), and two had F2 (or further
generation) hybrid genotypes. Finally four individuals from Omega Lake (Forbes State
Park) were analysed and identified as pure white crappie.
Tissue samples from a potential state record tiger muskellunge were received from
Joe Ferencak of IDOC Region II in 1988. The fish weighed 26.14 pounds and was
taken from Lake Summerset in Stephenson County. Isozyme variation was scored at
seven loci known to be diagnostic for muskellunge and northern pike. These loci
included Adh-A, Me-B, ldh-B, Sod-A, Fum-A, Est-A, and Cbp-A. The tissue samples
were heterozygous at all seven loci, confirming that the fish was a hybrid.
Tissue samples from a potential state record saugeye were obtained from Peter
Paladino of IDOC Region I in 1988. Isozyme variation was scored at two loci known to
diagnostic for walleye and sauger (Pgm-A and Aat-M). No sauger alleles were
detected at either locus, indicating that the fish was a walleye.
Job 3: Final Report
This study is continuing for three more segments. Thus, this annual progress
report, not a final report, was scheduled.
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Study 2: Northern versus Southern Stocks of Illinois Largemouth Bass
Introduction
In the last few years the literature devoted to describing the genetic variation
within and among populations has increased dramatically. Within the fishes,
electrophoretic analyses of proteins have established that among different
populations of a single species there are substantial levels of genetic variation
(Philipp et al.,1983, Gharrett et al., 1988, Beachham et al., 1989, Krueger et al.,
1989). As a result, populations in different geographic locations often have
different genetic and physiological characteristics, each population having
evolved an adaptive suite of characters for its specific environment.
The propagation of sportfish species in hatcheries has brought about unique
circumstances with the artificial transfer and mixture of populations across large
geographic areas. These transfers have the potential to alter the genetic
structure of existing populations. The culture of fish for introduction into native
environments without adequate information regarding the genetic structure of
populations places the genetic structure of affected populations in jeopardy.
The genetic consequences that stocking programs can have on native
populations need to be fully evaluated before the initiationof such programs.
Historically in Illinois, largemouth bass broodstock used in hatchery
production programs were collected from locally available populations
convenient to hatchery facilities. Furthermore, hatchery produced largemouth
bass fingerlings were often transported statewide for stocking. However, if
adaptation to local environmental conditions found in different areas within
Illinois occurs among largemouth bass, traditional culture and introduction
procedures would be less than optimally efficient. In fact these programs may
compromise the genetic integrity of native populations, thereby decreasing their
performance, and ultimately, fitness.
A previous study used protein electrophoretic methods to assess the degree
of genetic variability among populations of largemouth bass existing within
Illinois to assess the genetic differences between populations in the northern
and southern extremes. The objective of this study was to determine if
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populations from each of these extremes demonstrated different fitness and
performance characteristics.
Methods
Electrophoretic Survey: Samples of 20 individual largemouth bass were
collected from 48 sites throughout the state of Illinois. After capture, individual
fish were wrapped in foil, frozen, and stored at -20°C until tissues were excised
from each individual for genetic analysis. White skeletal muscle and liver tissue
samples were prepared as described in Philipp et al., 1979, and subjected to
starch gel electrophoresis in conjunction with histochemical staining
procedures to determine the allele frequencies at six enzyme loci, Aat-B, Ck-C,
Gpi-B, Idh-B, Mdh-B, and Sod-B in each of the 48 populations.
Production of Experimental Stocks: Based upon the the electrophoretic survey
of the 48 lakes within Illinois, three populations from the northern region
(Catherine, Marie and Grass Lakes) and three populations from the southern
region of Illinois (Crab Orchard, Devil's Kitchen, and Washington Co. Lakes)
were selected as sources for broodstock to produce a northern Illinois stock
(NILMB) and a southern Illinois stock (SILMB), of largemouth bass (Fig. 2-1).
Broodstock from all six lakes were collected by electrofishing during Fall 1983
and Spring 1984 and were transported to the production ponds at the Illinois
Natural History Survey Aquatic Research Field Laboratory to produce the two
different experimental stocks of largemouth bass (NILMB and SILMB) in 1984.
Once spawning had occurred and schools of fry were observed, each pond was
closely monitored for size and numbers of fingerlings. When fingerlings
reached sufficient size for harvesting in Fall 1984, production ponds were
drained. Individuals were weighed, measured, and fin-clipped for visual
identification to stock. Electrophoretic analysis were performed on a sample
(n=40) of individuals from each stock to determine allele frequencies at the six
study loci.
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Study Populations: Nine research ponds void of fish and ranging in size from
0.6 to 16 acres were used as study sites in three regions of the state: north,
central, and south (Fig. 2-1). To establish the experimental populations, equal
numbers of equally sized individuals of each of the two stocks were introduced
at a rate of 50 fingerlings / acre. In addition, bluegill and redear sunfish were
introduced into each pond to establish a forage base. Study ponds were
sampled using a boat mounted electrofishing unit in the spring 1985 and each
fall, 1985-89. Fish were weighed, measured, and identified to stock by fin-clip
to monitor survival and growth of initially stocked fish. Once the originally
stocked fish matured and spawning occurred, reproductive success of each
stock in each pond was determined. For this, individual YOY were collected
through a combination of electrofishing and seining. Samples were then
analyzed electrophoretically to determine their genotype at each of two
diagnostic loci, Mdh-B and Gpi-B. From these genotypes, allele frequencies
were calculated for each year class produced and compared to expected
values based on: (1) original stocking data, assuming equal survival and
reproduction of each introduced stock, and (2) actual survival data assuming
equal reproduction of only those fish in each stock that survived.
Results
Production of Experimental Stocks: Electrophoretic analyses of the two
produced stocks conveyed that 70 %o of SILMB fingerlings were heterozygous,
Gpi-B 2B3 , compared to 0 % of the NILMB fingerlings (Table 2-1). Also, 80 % of
the SILMB fingerlings were heterozygous, Mdh-B 1B2, compared to only 15 % of
the NILMB fingerlings. Therefore, if the external marking system had failed due
to regeneration of the pelvic fin clips, identification by electrophoretic analysis
was still possible between the two stocks more than 90-95 % of the time. This
genetic difference between the two stocks also permits assessment of the
reproductive contribution to future generations.
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Table 2-1. Total length and allele frequencies of the NILMB stock and the
SILMB stock.
POND TL (mm) Mdh-B1 Aat-B1 Ck-C1 Gpi-B2
-B2 -B2 -C2 -B3
NILMB-1 51.8 + 1.9 0.850 0.700 ---- 1.000
0.150 0.300 1.000 ---
NILMB-2 54.5 + 2.5 1.000 1.000 --------- 1.000
--------- --------- 1.000 ---
SILMB-1 55.9 + 2.4 0.600 0.975 --------- 0.650
0.400 0.025 1.000 0.350
SILMB-2 52.8 + 2.1 0.600 0.975 ---- 0.650
0.400 1.025 1.000 0.350
Survival of the Stocks: All ponds were originally stocked with equal numbers of the two
stocks. The percent stock composition (NILMB and SILMB) observed for the largemouth
bass collected in the study populations in the three regions of Illinois show that in the
northern study ponds, survival of the NILMB stock was significantly greater than that of the
SILMB; the reverse was true in the southern ponds (Table 2.2). No difference in stock
survival was observed in the central study populations.
Table 2-2. Relative survival of initial stocking.
NILMB SILMB P*
NORTH 134 67 <.0001
(N = 201) (66.3%) (33.7%)
CENTRAL 91 98 >.5127
(N= 189) (48.1%) (51.9%)
SOUTH 55 105 <.0001
(N = 160) (35.0%) (65.0%)
* P determined by Chi-square
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Growth of the Stocks: All ponds were originally stocked with equal sizes of the two
stocks. The growth of NILMB vs SILMB observed for the largemouth bass collected
in the study populations in the three regions of Illinois show that in the northern study
ponds, growth of the NILMB stock was significantly greater than that of the SILMB; the
reverse was true in the southern ponds (Table 2.3). No differences in growth were
observed in the central study populations.
Table 2-3. Relative growth (NILMB/SILMB) of initial stocking.
TL (mm) WT (g) P*
NORTH 1.07 1.30 <.02
N=201
CENTRAL 1.00 0.93 >.50
N=189
SOUTH 0.96 0.88 <.05
N=160
* P determined by paired sign test
Each value in table 2.3 represents the average ratio ( of the NILMB to SILMB
lengths and weights, for all sampling dates, for all ponds, in each of the 3
regions. A value greater than one indicates the NILMB was longer or heavier
than SILMB; the reverse is true for a ratio less than one.
A comparison of absolute growth of NILMB and SILMB is shown for one sample
pond in both northern (Timber Lake) and southern (Carter's Lake) Illinois (Fig.
2-2). In each case the local stock exhibited the greater growth.
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Figure 2-2. Absolute Growth in the Northern and Southern Study Populations
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-1-
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YEAR
*Significant at P < .05 (Scheffes Test)
Reproductive Success of Study Populations: Spawning occurred in both southern
study populations and in the three central study populations in 1986, but no evidence
of successful spawning was observed during this year in any of the northern ponds. In
1987, spawning occurred in one of the southern study populations, three of the central
populations, and one of the northern populations. Successful reproduction occurred
in all study populations in 1988. Allele frequencies for the 1986, 1987, and 1988
year classes were calculated and compared to expected values based on: (1) original
stocking data, assuming equal survival and equal reproduction of all introduced
fish and (2) final survival data of introduced fish, still assuming equal reproduction
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of all fish remaining in the study pond. Results based upon the original stocking data
(assuming 50:50 survival) show that in the north, NILMB contributed more to offspring
production than SILMB while in the southern ponds, the reverse was true (Table 2-4).
When differential survival is taken into account, however, there is no significant
difference between the reproductive success of the two stocks, although a trend
is present for the local stock to have the greater production of offspring, although
this trend is not significant.
Table 2-4. Reproductive Success of NILMB and SILMB Stocks
STOCKING SURVIVAL
DATA DATA
EXP'D OBS'Dt EXP'D OBS'Df
NORTH
NILMB 50 71.1 66.3 71.1
SILMB 50 28.9 33.7 28.9
N = 183 [P<0.0073*] [P<0.6932*]
CENTRAL
NILMB 50 52.3 48.1 52.3
SILMB 50 47.7 51.9 47.7
N = 405 [P<0.2934*] [P<0.3942*]
SOUTH
NILMB 50 28.6 34.4 28.6
SILMB 50 71.4 65.6 71.4
N = 171 [P<0.0110*] [P<0.5548*]
t Average of values calculated from Mdh-B and Gpi-B allele frequencies for all ponds in
each region
* P determined by Chi-Square
Discussion
Based upon evolutionary theory, we would predict that natural selection has
genetically tailored populations of largemouth bass to specific environments, allowing
them to optimize performance characteristics. Furthermore, when comparing
geographically divergent stocks that are competing in the same environment, the
greatest survival, growth, and reproductive success would be exhibited by the local
stock. Unfortunately, until recently, hatchery practices have overlooked the genetic
differences that exist among populations of largemouth bass.
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Undoubtedly, different thermal conditions and photoperiod regimes exist between
different regions of Illinois. Specifically because of these differences, we predicted
that populations of largemouth bass from the northern extremes of the state would
have significantly different performance/fitness characteristics than populations from
the southern extremes. Our results confirmed this, demonstrating that local
adaptations can and do exist among populations from a relatively close geographic
areas.
As a result, we recommend that the Illinois Department of Conservation hatchery
system use two stocks of largemouth bass, a NILMB from the Fox Chain-of-Lakes at
the Jake Wolfe Memorial Fish Hatchery to serve the northern half of the state and a
SILMB from Crab Orchard and Devil's Kitchen Lakes at Little Grassy State Fish
Hatchery to serve the southern half of the state. We feel this general principle of
broodstock selection for small geographic areas should be a universal principle for not
only largemouth bass, but all species, and not only in Illinois, but everywhere.
References
Beacham, T., Murray, C. B., & Withler, R. E. (1989). Age, morphology, and biochemical
genetic variation of Yukon River chinook salmon. Transactions of the American
Fisheries Society, 118(1), 46-63.
Gharrett, A. J., Smoot, C., & McGregor, A. J. (1988). Genetic relationships of even-year
northwest Alaska pink salmon. Transactions of the American Fisheries Society,
117(6), 536-545.
Krueger, C. C., Marsden, E. J., Kincaid, H. L., & May, B. (1989). Genetic differentiation
among lake trout strains stocked into Lake Ontario. Transactions of the American
Fisheries Society, 118(3), 317-330.
Philipp, D. P., Childers, W. F., & Whitt, G. S. (1979). Evolution of differential patterns of
gene expression: a comparison of the temporal and spatial patterns of isozyme
luces expression in two closesly related fish species (northern largemouth bass,
Micropterus salmoides salmoides, and smallmouth bass, Micropterus dolomieui).
Journal of Experimental Zoology, 210, 437-488.
Philipp, D. P., Childers, W. F., & Whitt, G. S. (1983). A biochemical evaluation of the
northern and florida subspecies of largemouth bass. Transactions fo the American
Fisheries Society, 112(1), 1-20.
18
Study 3: Supplemental Stocking Procedure Assessment of Largemouth Bass
Local fish population enhancement by supplementally introducing individuals
cultured in hatcheries is a widely used management strategy. Unfortunately, the
general success of this strategy is relatively unknown despite the great amount of time,
effort, and resources used in supplemental stocking programs. This study was
designed to assess the effectiveness and cost efficiency of such programs so that
maximum hatchery productivity can be realized in Illinois.
Job 1: Production of Genetically-tagged Stocks
Objective: To produce in the IDOC hatchery system stocks of largemouth bass
with identifiable genetic tags.
Results: Northern Illinois largemouth bass (NILMB) broodstock, collected in May 1987
from the Fox Chain-Of-Lakes and fixed for the Mdh-B1 allele, spawned successfully in
May 1989 at Jake Wolf Memorial Fish Hatchery (JWMFH). Due to high mortality in
rearing raceways, only 2355 YOY were produced and retained for stocking (Job 3). A
sample of 30 YOY were subsequently frozen for electrophoretic verification at the INHS
Fisheries Genetics Research Laboratory (FGRL) in Champaign. All individuals were
confirmed as Mdh-B1 B1 homozygotes. In addition, 750 individuals from the May 1988
spawning at JWMFH were retained in rearing ponds as future Mdh-B1 B1 broodstock.
To date, we have been unsuccessful at producing an SILMB broodstock fixed for the
Mdh-B2 allele at Little Grassy Fish Hatchery (LGFH) due to low numbers of mature fish
with the necessary genotype. However, offspring produced in 1988 from the broodstock
on hand, were genotyped in May 1989 in hopes of identifying potential Mdh-B2B2
individuals to serve as future broodstock. Of 270 YOY which were Floy-tagged and
returned to a grow-out pond, we identified only 7 B2B2 individuals. Of the remaining
YOY, 30 were Mdh-B1B2 genotype, and the remaining 233 were Mdh-B1 B1 genotype.
We propose that the 7 B2B2 and 30 B1 B2 individuals, together with any supplemental
brood bass collected from southern Illinois that are B1 B2 or B2B2 be used to produce a
stock of SILMB greatly enriched for the B2B2 genotype. These offspring can then serve
as broodstock in two years to produce large numbers of genetically-tagged B2B2 YOY.
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Job 2: Analysis of Supplemental Introductions
Objective: To use genetically-tagged stocks of largemouth bass produced in Job 1 for
supplemental introduction to determine short-term and long-term impacts upon the
recipient populations.
Results: Due to the lack of SILMB broodstock at LGFH (see Job 1), there was no
production of Mdh-B2B2 individuals for supplemental stocking of Carlyle or Rend Lakes,
the potential target lakes for this aspect of Study 3. However, to gather the pre-stocking
baseline genetic data for these lakes, largemouth bass were collected during IDOC fall
surveys in both lakes, frozen, and subsequently analyzed at the INHS FGRL (Table 3-1).
Table 3-1. Allele frequencies of largemouth bass.
Population
Locus/Allele Rend Lake Carlyle Lake
(N=32) (N=20)
Mdh-B 1 0.906 0.875
2 0.094 0.125
Idh-B 1 1.000 1.000
3 0.000 0.000
Aat-B 1 0.797 0.850
2 0.203 0.150
3 0.000 0.000
4 0.000 0.000
Gpi-B 1 0.000 0.000
2 0.844 0.900
3 0.150 0.100
Sod-A 1 0.000 0.000
2 1.000 1.000
Genetic analyses of LMB from Clinton Lake, collected during 1986 by Illinois
Power (IP) biologists, were performed at the INHS Fish genetics lab in spring 1989.
Fish were analyzed to determine their genotype at the Ck-C locus, C1C1 versus C1C2.
A C1C2 genotype identifies that individual as one of the supplementally stocked fish
introduced into Clinton Lake during 1985. All fish were aged to year class by Steve
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Pallo of Illinois Power. To date, 86 of the largemouth bass analyzed were from the 1985
year class, with only three being from the supplementally stocked group. We have
recently received fall 1989 samples from IP, which await genotyping this winter. In
addition, 1989 YOY are being collected to assess the long-term impact of this stocking.
Job 3: Genetic Enhancement of the Pierce Lake Largemouth Bass Population
Objective: To introduce hatchery-produced largemouth bass (NILMB strain from the Fox
Chain-Of-Lakes) in an attempt to genetically construct a population better suited to that
habitat than the current population.
Results: Genetically-tagged (Mdh-B1B1) LMB YOY (N=4500; right pelvic clip) produced
at JWMFH were stocked into Pierce Lake on August 19, 1988. A sample of 30 YOY
were saved and frozen for genetic analysis. Protein electrophoresis confirmed that all
individuals were B1 B1 genotype.
Allele and genotype frequencies for 1988 YOY LMB sampled pre- and post-
introduction of hatchery-reared individuals (Mdh-B1B1) are shown in Table 3-3. Results
indicate preferential survival of individuals with the B1 B1 genotype, with most of the
increased mortality residing in the B1 B2 genotype group; the B2B2 group has low
sample sizes. This result needs to be confirmed in other in other lakes and in
successive years
TABLE 3-3. Genetic composition for summer and fall 1988, and spring 1989
collections of 1988 YOY largemouth bass from Pierce Lake.
ALLELE GENOTYPE
FREQUENCY FREQUENCY
Date N B1 B2 1/1 1/2 2/2
July 88 50 .76 .24 .56 .40 .04
Sept 88 49 .83 .17 .72 .23 .05
Spring 89 10 .85 .15 .80 .10 .10
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The numbers of 1988 hatchery-reared (Mdh-B1B1; right pelvic clip) vs. naturally-
spawned 1988 YOY caught in each sampling period pre- and post-introduction are
shown in Table 3-4. Note that there was a significant difference in overwinter mortality
between hatchery-reared and naturally-spawned largemouth bass (Chi-square,
p < .05).
Table 3-4. Total number of hatchery-reared (HRLMB) vs. naturally-spawned (NSLMB)
1988 YOY largemouth bass recovered from Pierce Lake pre- and post-
supplemental stocking in August 1988.
MONTH HRLMB NSLMB PERIOD
JUL 88 -- 115 Pre-stocking
AUG 88 -- 24
SEP 19 14 69 Pre-winter
SEP 30 45 41
OCT 88 33 51
92 161
(36.4%) (63.6%)
APR-OCT 89 13 11 Post-winter
(54.2%) (45.8%)
Genetically-tagged (Mdh-B1B1) LMB YOY (N=1900; left pelvic clip; 3-4" TL)
produced at JWMFH in May 1989 were stocked into Pierce on September 13, 1989.
Subsequently, for some unknown reason, 455 unclipped cannibals (> 6" TL) were
mistakenly stocked in September by IDOC hatchery personnel. Unfortunately, we now
face the problem of having to undertake scale analysis for all putative 1989 YOY
individuals subsequently collected from Pierce in order to verify age. This will
undoudtedly increase the time required for sample analyses. In any event, the
survivorship of all transplanted fish will be followed through summer 1990. Table 3-5
shows the relative numbers recovered of 1989 hatchery-reared 3-4" fish (Mdh-B1 B1; left
pelvic clip, HRLMB) vs. hatchery-reared >6" cannibals (Mdh-B1B1; unclipped, HRCAN)
vs. naturally spawned YOY (NSLMB) during the pre-stocking and pre-winter periods.
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Table 3-5. Total number of hatchery-reared (HRLMB) vs.
vs. hatchery-reared cannibals (HRCAN).
naturally-spawned (NSLMB)
HRCAN 
NSLMB
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06
05
MONTH
JUL 89
AUG 89
SEPT 89
OCT 4
OCT9
OCT 17
12
06
0
21
(21.7%)
PEPirin
Pre-stocking
Pre-winter
As the numbers of naturally spawned YOY LMB taken in 1989
indicate, this year class was much weaker than the 1988 year class, However, because
the number of HRLMB stocked into Pierce Lake was much less in 1989 (N=1900) than
in 1988 (N=4500), the relative number of HRLMB to NSLMB recovered was not that
different. Thus, we will be able to assess the impact of supplemental stockings on two
different-sized year classes.
Job 4: Final Report
This study is continuing for three more segments. Thus, this annual progress report,
not a final report, was scheduled.
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Study 4: Supplemental Stocking Procedure Assessment--Walleye
Introduction
Virtually all Illinois walleye populations are sustained or at least supplemented
through stocking efforts. A number of different broodstock sources are used to
produce walleye within Illinois. In addition, walleye are obtained annually from a
number of other states for introduction into Illinois waters. How each of these different
genetic strains perform in Illinois is currently unknown. Furthermore, in Illinois, walleye
are stocked using three different procedures: as fry at 1000/acre; as 2" fingerlings at
50/acre; and as 4" fingerlings at 25/acre. Controlled studies evaluating the relative
merits of these different methods have not been performed. This lack of adequate
studies is due primarily to our previous inability to mark fry and/or large numbers of
fingerlings easily. The use of genetic tags provides that technology.
Job 1: Assessment of Stocks for Introduction Programs.
Objective: To assess the relative performance of the different stocks of walleye
introduced into Illinois waters.
Results: Allele frequencies have been determined for the different batches of walleye
stocked into Illinois waters since 1984. When fish from different sources having allele
frequency differences that make them distinguishable from each other, and from
naturally reproducing resident populations, are stocked into the same body of water in
the same year, survival and growth of competing stocks can be monitored. By
assessing allele frequencies within the appropriate year classes, relative contributions
of each stock can be estimated. Stocking programs could then be designed
preferentially include those sources showing superior performance in Illinois waters.
Stocking records were obtained for the years 1984-1987 to determine whether
suitable study situations exist. Unfortunately, several problems were encountered.
These included the following:
1) Some allele frequency data were generated using only offspring from a
single female, or from a single day of egg take, and therefore were likely not
representative of the entire production.
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2) Stocking records often listed the source only as the state of origin, so that if
multiple batches originate in one state, the allele frequencies could not always be
assigned to the proper batch.
3) If more than two sources are stocked into a single lake, it is not possible to
determine relative contributions using allele frequency data from the IDHP-1 locus
alone. (This was formerly reported as the IDH-B locus, but has been changed to
conform with recommendations of the AFS Fish Genetics Section). Other polymorphic
loci (ADH-1, CBP-1) are not resolveable using individual fry.
4) No study lake was identified in which stocking circumstances were such to
make it suitable for this study. As a result of the problems encountered, we feel that
performance evaluations of competing stocks can be best accomplished with the use
of genetically tagged stocks produced by selecting broodstock of the appropriate
genotype at the hatchery. Furthermore, studies must be designed so that the correct
stocks are used in appropriate numbers in a predetermined, not a post-hoc
design.
Job 2: Assessment of Different Introduction Methods for Walleye
Objective: To assess the relative efficiency of fry versus fingerling stocking in Illinois
lakes.
Results: This project was initiated in 1987 to assess walleye stocking success in four
Illinois lakes chosen by the IDOC. The lakes were small impoundments ranging from
42-176 acres. Sampling of the 1987 year class has continued into fall, 1989. The
study allowed the monitoring of competing walleye stocked as fry or fingerlings in the
same lake during the same year. The study is continuing in 1989 to assess year to
year variation in stocking success, and to use lakes which may allow greater survival
of the stocked walleye, and therefore, a better analysis of relative survival.
Genetically-tagged walleye fry were produced at JWMFH using broodstock
collected in Shelbyville and Clinton Lakes between 3/29/89 and 4/11/89. (These
techniques were similar to those performed in 1987 which have been described in
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detail in previous reports). Genotypes of 190 broodstock walleye were determined at
the IDHP-1 locus by electrophoresis of fin clips. Homozygous broodstock were used
to produce three genetically distinct groups of fry, with the genotypes IDHP-1 *80/80
(stocked as 2" fingerlings), IDHP-1*100/100 (stocked as 4" fingerlings), or IDHP-
1*80/100 (stocked as fry). Specifically, sperm from 26 homozygous males was
collected in flasks and stored for later in-vitro fertilization of eggs from homozygous
females; a total of 27 females produced eggs that were fertilized as a part of this
study.
Walleye were produced for stocking as fry (1000/acre), 2" fingerlings (50/acre), and
4" fingerlings (25/acre) into each of four study lakes selected by the IDOC. The lakes
chosen for the study were Pierce Lake, Lake George, Sterling Lake, and Randolph
County Lake. Low hatching percentages of several IDHP-1*80/100 batches resulted
in slightly lower than expected numbers of fish available for the study. As a result,
Randolph County Lake received only the two fingerling stockings. Stocking of fry by
INHS and IDOC personnel was completed by April 27. Plankton tows were taken at
the time of fry stocking in each of the three lakes. Two-inch fingerlings were stocked
by IDOC personnel on May 30-31. Four-inch fingerlings were stocked by IDOC
personnel on 6/29 and 7/19 (Pierce), 7/11 (George), 7/19 (Randolph Co.), and 7/20
(Sterling).
The study lakes were sampled in the fall to determine relative growth and survival
of the three different "stocks". Sampling was continued for walleye of the 1987 year
class stocked into Pierce Lake, Lake George, Lake Le-Aqua-Na and Carlton Lake. In
1987, survival of 4" fingerlings was less than that of fry and/or 2" fingerlings in Pierce
and Le-Aqua-Na (Table 4-1, Figure 4-1). First year growth of 4" fingerlings was less
than that of 2" fingerlings in Pierce (Table 4-2, Figure 4-2). Four inch fingerlings were
still smaller in 1988, but no difference in growth rates was detected during the second
summer.
26
Table 4-1. Survival of walleye stocked in 1987 (Total recovery, 1987 and 1988
Collections).
Lake Fry 2" Fingerlings 4"Fingerlings
Pierce NA
George 19*
Le-Aqua-Na 18*
Carlton 2
*Significant (X , p<.05)
106*
7
4
5
24
3
5
6
Figure 4.1. Survival of Walleye Stocked in 1987 (*-No fry were stocked into Pierce
Lake).
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Table 4-2. First-year growth (Length, mm. + SE) of walleye stocked in 1987.
2" Finnerlinnc I(N\ 4" Finnprlinan (N)
Pierce
George
Le-Aqua-Na
Carlton
NA
174 +10 (6)
190 +5 (9)
198 +10 (2)
154+5 (20)
186 (1)
187 (1)
199 +3 (3)
134 +11* (4)
- (0)
116 +10 **(2)
168 +8 (5)
* Significantly smaller than 2" (Wilcoxon 2-sample, p<.05)
**Significantly smaller than fry (Wilcoxon 2-sample, p<.05)
Figure 4.2 First Year Growth of Walleye Stocked in 1987 (*-No fry were stocked into
Pierce Lake).
* FRY
0 2" FINGERLINGS
0 4" FINGERLINGS
g
z
E
I-
C3
z
..J
200
150
100
50
000'
7 -F-
PIERCE GEORGE LE-AQUA-NA CARLTON
28
Lake Frvy N)
-Mrý
Data collected to date for the 1989 year class (Table 4-3, Figs. 4-3, 4-4) show
clearly different results than the 1987 data. Survival and growth of four inch fingerlings
is greater than the other two size groups in two of three lakes sampled to date.
However, fry survival and growth in Sterling is in fact greater than the 4" fingerling
group. In 1989, survival of 2" fingerlings is low in all cases.
Table 4-3. Recovery and growth of walleye stocked in 1989.
Fry
N
0
In., mm
0
12 154 ± 6*** 1
2" Fingerlings
N In., mm
7 115+17
0
120
4" Fingerlings
N In., mm
77* 141 + 16**
15* 170+16
20 138+ 4
*Significant (X , p<.05)
**Significantly larger than 2" fingerlings (t-test, p<.001)
***Significantly larger than 4" fingerlings (t-test, p<.05)
Figure 4.3 Survival of Walleye Stocked in 1989
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Figure 4-4. First Year Growth of Walleye Stocked in 1989
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One of the factors known to affect the survival of stocked walleye fry is
zooplankton abundance. Vertical plankton tows were taken using an 80 micrometer
mesh Wisconsin net at the time of fry stocking to obtain an estimate of the abundance
of potential food organisms. Three replicate counts were made from each tow in a 1
ml. Sedgewick-Rafter counting chamber, and a mean value was calculated for each
group of organisms for each tow. Values reported are the mean + standard error for
two to four tows taken in each lake (Table 4-4,Figure 4-5).
Table 4-4. Zooplankton abundance (N/liter ± SE) at time of fry stocking
1987 1989
George Carlton Le-Aqua-Na George Pierce
Cladocera >1mm 157 ± 87 26 ±11 164 ±84
Cladocera <1mm 416 ± 260 63 ± 20 829 ± 169
Copepod adults
Copepod nauplii
631 183 266 90 560 91
322 81 76 14 259 110
113 ± 31 21±7
222 73 74±13
15± 8 10±5
30
22 ± 12
Sterling
2 ±.06
134 ±7
6±2
0
-!
Figure 4-5. Zooplankton Abundance in 1987 and 1989
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In 1987, the two lakes with greatest zooplankton abundance (George and Le-
Aqua-Na) had substantial fry survival. The lake with the lowest zooplankton
abundance (Lake Carlton) had poor fry survival. In 1989, fry survival was relatively
poor in all lakes. Interestingly, zooplankton abundance was lower in all lakes in 1989
compared to lakes in 1987. While these data are not conclusive, they demonstrate
that zooplankton abundance is quite variable, both among similar lakes within a year,
and within lakes from year to year.
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This study was designed to determine whether any of the three stocking methods
employed by the IDOC yielded consistantly better survival of walleye in Illinois lakes.
Our data indicate that considerable variation in the success of the stocking methods
exists both among lakes within the same year and among years. The technique of
using allozyme variability to create differentially tagged fry at the hatchery has been
shown to be an effective tool in answering questions of stocking efficiency. The use of
this technique in more detailed follow-up studies should establish the physical and
biological factors responsible for the observed variation.
Job 3: Relative Merits of Illinois Walleye Populations for in vitro Hatchery Production
Objective: To compare various Illinois walleye populations for their ability to
predictably produce good numbers of viable gametes and to determine environmental
and physiological factors that influence this process.
Procedures:
1. Serum Collections. Blood samples (2-5 ml) were obtained from adult male and
female walleye during the spawning season. All samples were held overnight at 4°C
to allow clotting. Serum was obtained from each sample by centrifugation at 3000g for
10 minutes, and then it was frozen at -200C until assayed.
2. Steroid Radioimmunoassays. (a) 3H-11 ketotestosterone synthesis: Since
tritiated 11-ketotestosterone (11KT) is not available commercially, we synthesized this
steroid in our laboratory. First, 3H-hydrocortisone was oxidized to 4-androsten-1 1 B-ol-
3, 17-dione with sodium bismuthate (NA2 Bi03). Next, the product was treated with
Jones' reagent (H2Cr0 4/H2S0 4) to obtain 4-androstene-3, 11, 17-trione, which was
then reacted with 0.5 IU 17B-hydroxysteroid dehydrogenase in the presence of NADH.
The final 3 H-11KT product was purified on a Sephadex LH-20 coumn using methyl
chloride:methanol (98:2) as the eluent. Thin layer chromatography techniques were
used to confirm validity of employed reactions. The product of each reaction, as well
as the appropriate steroid standards were applied to silica gel plates and developed in
cyclohexane:ethyl acetate (1:1). Positions of every reaction product were established
and then shown to be identical with positions of the proper steroid standard. The 3H-
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11 KT thus synthesized was used along with commercially obtained 3 H-E, 3 H-T, and
3 H-cortisol (3 H-C) in RIA procedures.
(b) Determinations of cross-reactivity: A highly specific 11 KT antibody was
kindly provided to us by Dr. Edward M. Donaldson (University of British Columbia).
We established that this antibody cross-reacts < 5% with testosterone and < 1% with
dihydrotestosterone and adrenosterone. We also determined that highly specific
testosterone (T) antibodies produced in the laboratory of Dr. Janice Bahr (University of
Illinois) cross-react < 5% with 11-ketotestosterone and < 1% with progesterone and
estradiol. Similarly, estradiol (E2 ) antibodies produced in the same laboratory cross-
react < 1% with estrone, estriol, testosterone, 11-ketotestosterone, and progesterone,
respectively.
Cortisol (C) antibody has been purchased from Endocrine Sciences (Tarzana,
CA). As provided by the manufacturer, this antibody cross-reacts 2.9% with
corticosterone, 30% with cortisone, and < 0.01% with estradiol and testosterone.
(c) Validation of assay procedures: Two different methods were used to
determine whether nonspecific materials interfere with an accurate determination of
the hormone levels present in a sample. In parallelism, levels of each hormone were
measured in increasing volumes of a pooled sample and then expressed in ng/ml. We
determined that regardless of the sample volume, concentrations of respective
hormones were very similar. In the second method, known amounts of the unlabelled
ligantd(cold hormone) were added to constant volumes of the pooled sample. The
hormone content of each sample was then determined and the per cent recovery of
cold hormone calculated. Results obtained from both methods clearly show that our
RIA procedures are highly specific and accurate (see Tables 4-5 to 4-8).
Table 4-5. Validation of the 11 KT assay for blood serum of male walleye.
(mean ± S.E.)
Parallelism Cold recovery
vol assayed (ul) ng/ml p added pg recovered (%)
70 0.36+0.03 25 20.7 (83)
140 0.31+0.01 50 46.7 (93)
280 0.30+0.01 100 86.7 (87)
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Table 4-6. Validation of the T assay for the blood serum of male walleye.
(mean ± S.E.)
Parallelism Cold recovery
vol assayed (ul) ng/ml pa added pq recovered (%)
25 0.57+0.06 25 26.7 (107)
62.5 0.63+0.03 50 51.5 (103)
107.5 0.63+0.05 100 99.0 (99)
Table 4-7. Validation of the E2 assay for the blood serum of female walleye.
(mean ± S.E.)
Parallelism Cold recovery
vol assayed (ul) ng/ml pg added pg recovered (%)
35 0.19+0.02 8 8.4 (105)
70 0.16+0.01 16 15.7 (103)
140 0.17+0.01 32 32.3 (101)
Table 4-8. Validation of the C assay for the blood serum of male walleye.
(mean ± S.E.)
Parallelism Cold recovery
vol assayed (ul) ng/ml pg added pg recovered (%)
8 5.8 50 41 (82)
16 6.1 100 89 (89)
32 6.3 200 178 (89)
These results document that we can now accurately assess 11 KT, T, E2, and C
concentrations among male and female walleye serum.
3. Experimental Collections. All fish were collected with gillnets by the IDOC
biologists from Lake Shelbyville, IL between March 31 and April 13, 1989. The
schedule for blood collections was as follows: The first blood sample (1ml) was
obtained from each individual on the boat, directly following the capture. Each fish
was then tagged and placed in a tank. Blood samples were stored on ice. The
second blood sample was collected from tagged individuals directly upon their arrival
at JWMFH. The third collection was performed after the successful spawning of
tagged fish.
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Results: (1) Sex Steroids - Determinations of 11 KT and T levels in male and female
walleye are presented in Figure 4-6. It is important to note that all fish used for these
determinations were caught by electrofishing in Kaskaskia River on March 30, 1989.
We were limited in our determinations to only one sample of males because all of the
collection effort at Lake Shelbyville conducted between March 31 and April 13
resulted in the capture of only 5 additional males.
Figure 4-6. Determination of 11 KT and T levels in Female and Male Walleye
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There were no statistical differences between levels of 11 KT and T in males (Two-
way ANOVA followed by Student-Newman-Kuels (SNK) multiple range tests, p >
0.05). However, levels of T in females were significantly higher than in males, and
higher than 11 KT levels in females (Two-way ANOVA followed by SNK tests, p <
0.0001). Although in mammals high levels of T have been measured only in males,
very high levels of T in female teleosts have been reported for many species. This
evidence serves as an additional argument that 11KT is the predominant androgen in
male fish. The physiological significance of the different androgen levels between
male and female walleye is not at the present well understood.
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Levels of E2 determined in female walleye are presented in Figure 4-7. Levels of
E2 measured in males were below the sensitivity of the assay are therefore assumed
to be negligible.
Figure 4-7. Determination of E2 Levels in Female Walleye
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It was interesting to note a gradual increase in E2 levels in females as the season
progressed. However, we do not know at this point whether this rise was due to
increased maturity of ovaries in females caught later in the sampling period or was
caused by increased stress in those fish. Clearly, more experiments would have to be
conducted in order to establish the relationship between levels of estrogen and
maturity of female walleye.
(2). Cortisol - Levels of cortisol in female walleye determined throughout the sampling
period are presented in Figure 4-8. Because of a very dramatic increase in serum
cortisol in fish captured after April 6, 1989, we divided the sampling period into 2 parts
"early" (April 4-6) and "late" (April 7-13).
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Figure 4-8. Determination of C Levels in Female Walleye
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The levels of C in fish bled on the boat during the "late" sampling period were
significantly higher than those determined at any other sampling time (Two-way
ANOVA followed by SNK tests, p < 0.0001). The reason for greater stress in these fish
is not clear at the present time; however, three explanations can be offered. First, fish
could have been trapped in nets for a longer period of time than the walleye captured
during the "early" sampling period, which would most likely result in increased C levels
at the time of bleeding. However, during both sampling periods gillnets were checked
at least once every hour and fish were always bled immediately following the capture.
Second, the sudden increase in C levels could be the result of some unknown
environmental factor. Third, increased stress could result from fish changing
physiologically as they ripen gametes and engage in spawning activity. Clearly, more
investigations will have to be done to fully explain this phenomenon.
Additionally, these results show that after an initial increase, as measured during
the first sampling on the boat, levels of C significantly decrease within the next few
hours, by the second sampling, upon arrival at the hatchery (One-way ANOVAs,
followed by standard t tests; p < 0.05 and p < 0.001 for the "early" and "late" sampling
periods, respectively). Also, handling of fish and manipulations related to artificial
spawning resulted in another significant increase in C levels, as determined during the
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third bleeding, directly following these procedures (One-way ANOVAs, followed by
standard t tests; p < 0.01 for both "early" and "late" sampling periods). Further
analyses correlating spawning success/failure with stress levels is currently underway.
Job 4: Assessment of Lake-Spawning versus River-Spawning Stocks of Walleye
Objectives: 1) To produce genetically-tagged walleye fry from two distinct stocks, one
that historically spawns in a river environment, and one that historically spawns in a
lake environment. 2) To introduce equal numbers of these fry into two study
environments that each represent a lake/river continuum that do not contain
successfully reproducing walleye. 3) To monitor survival and growth of these two
walleye stocks in these environments until all individuals of that year class have
reached sexual maturity. 4) To determine the reproductive strategies employed by
these two stocks during the spring spawning run.
Results: Genetically tagged walleye from a lake-spawning stock were produced at the
Spirit Lake, Iowa hatchery in 1988. Approximately 18.5 million eggs with the
IDHP-1*80/80 genotype were produced. The larvae were raised to the eyed stage at
the Spirit Lake hatchery, and 10.5 million were shipped by air to JWMFH for rearing.
Between April 27 and May 2, Lake Shelbyville was stocked with 5.5 million fry. From
May 2 to May 4 Lake Saylorville, Iowa was stocked with 4.3 million fry.
Genetically tagged walleye fry from a river-spawning stock were produced at the
Pike River, Minnesota hatchery. Approximately 20.2 million eggs of either the IDHP-
1*80/100 or IDHP-1*100/100 genotype were produced. Approximately 15 million
green eggs were shipped to Jake Wolf for rearing and hatching. Between May 13 and
May 16, 1988, Lake Shelbyville was stocked with 5.5 million fry, and Lake Saylorville
received 4.3 million fry.
The lakes are being periodically sampled to determine relative survival and growth
of each of the two stocks in both study lakes. Relative numbers and sizes of fish
sampled to date are given in Table 4-9.
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Table 4-9. Sampling summary, 1988 year class.
I akp
Year
Samnleri
Lake
ori irrc'L-AL4% Io *i EC i imIla %.JIUU I L u I L ___
Saylorville
Saylorville
Shelbyville
Shelbyville
1988
1988
1988
1989
N L, mm.
9 231 ±18
6 362 + 7
2 225 + 7
0 NA
Results indicate that both stocks are present in both lakes. However, survival of River
Source fish appears to have been greater in both lakes. This may be due to a two-
week difference in stocking times. The largest of the 1988 males are expected to
mature by Spring 1990, and so the distribution of these fish during the 1990 spawning
run will be monitored.
Job 5: Final Report
This study is continuing for three more segments. Thus, this annual progress
report, not a final report was scheduled.
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Study 5: Reproductive Success of Lake Trout on Julian's Reef, Lake Michigan
Introduction
Since the drastic decline in Lake Michigan's native lake trout (Salvelinus
namaycush) populations, a variety of non-native strains have been used in the efforts
to enhance and ultimately reestablish a naturally reproducing population. Young of
the year produced from Lake Superior (Michigan; domestic brood and wild captives),
Green Lake (Wisconsin; originally established with lake trout from Lake Michigan),
Seneca Lake (New York), and Jenny/Lewis Lakes (Wyoming) have been used as
donor strains in the Lake Michigan program. Until recently, little or no evidence of
successful breeding had been documented. However, recent evidence has indicated
that an increasing percentage of untagged individuals have been recruited into the
population. Further, gravid and fertile adults have been congregating on some of the
"traditional" spawning areas of the lake, in particular, Julian's Reef, a submerged
mountain in Illinois waters just off of Waukegan. Prior to the lake trout's decline,
commercial fisherman considered the reef a productive fishing location.
With the mosaic of strains that have been used as enhancement stocks,
identification of the parentage of any successfully produced offspring is difficult.
Identification of congregating, mature adults can be made with the combination of
physical tags (fin clips) and length/weight/year class determinations. Unfortunately
physical tags are not transmitted from parents to offspring. To identify which parental
strains are successfully contributing to the reproductive pool, a marker that is
transmitted and discernable for one or more generations is necessary. Certain
genetically based markers possess this characteristic.
Genetic Markers: A genetic marker or tag is a trait that is genetically based, and
therefore transmitted in either a Mendelian or clonal manner. It needs to be useful in
somehow discriminating (diagnostic) among separate gene pools. Traits that have
distinct character states (fixed differences) associated with specific genetic units (e.g.
strains or stocks) permit more exact determination of both parental and offspring
identity. This discriminatory ability may occur at one or more levels to include the
nuclear genome or its products and the mitochondrial genome. However, more often
than not, the differences among more recently diverged groups are subtle and are
expressed only as differences in character frequencies.
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In lake trout studies, gene frequencies of allozyme markers have been used by
Krueger et a,1989 and Ihssen et al., 1989. Grewe and Hebert (1989) performed an
initial cataloguing of mitochondrial DNA variability and Grewe (personal
communication) is currently using the frequencies of clonal types observed in Lake
Ontario to determine which of the donor strains used in the L. Ontario stocking
program are most responsible for adding to the recruited fishery. Phillips et al., 1988
has used karyological and ribosomal RNA sequencing techniques to search for
potential population markers. Future endeavors may include screening for markers
with RFLP analysis of nuclear DNA, DNA "fingerprinting", and DNA/RNA sequencing
with more advanced molecular genetic techniques as they become refined and cost
effective.
Objectives
1) To develop a diagnostic method of assessing the strain composition of lake trout
and test it using a sample of fish with known (but blind) composition collected from
Lake Michigan.
2) To use the methods of Mixed-Stock Analysis in determining the parental origin of
naturally spawning lake trout, as well as, their offspring on Julian's Reef, Lake
Michigan.
Materials and Methods
The general approach used for this study requires two statistical groups of
individuals: a reference catalogue and a test population. The reference catalogue
serves as a comparative standard. The test population is a sample that approximates
the whole natural population and is comprised of some combination of the strains
making up the reference catalogue.
This approach was used for two sets of characters (allozymes and
mitochondrial DNA fragments). Allozymes are primary, epigenetically unmodified
gene products. They are principally encoded by nuclear genes and are, therefore,
subject to rules of Mendelian inheritence. Mitochondrial DNA fragments are clonally
transmitted solely from the maternal parent to her offspring. This mode of transmission
is analogous to the manner in which surnames are passed from male parents to
offspring.
There are other qualities of the mitochondrial genome that make it useful in
population studies. One, the molecule is relatively small and simple in comparison to
the nuclear genome. Two, its rate of change (through mutation and subsequent
random genetic drift) is vastly accelerated compared to the nuclear genome. Three,
the rates and course of change not only differ between the genomes, but appear to be
independent. As a result, mitochondrial DNA analyses are often capable of detecting
population differences whereas analyses of nuclear DNA or its products are not.
Collections: Lake trout YOY were acquired from USFWS Hatcheries at Iron River, WI
and Jordan River, MI to serve as comparative standards (Table 5-1). A minimum of
twenty individuals of each of five strains (Seneca, Gull Island Shoal, Marquette,
Jenny/Lewis, and Green Lake) were sent live to the Fisheries Genetics Research
Laboratory in Champaign, IL. Upon receipt of these fish, the livers of ten individuals
were removed and used for mitochondrial DNA isolation. The remainder of the
individuals, as well as dissected individuals were stored frozen at -80oC for
subsequent allozyme analyses.
Adult and sub-adult lake trout were collected as test populations from Julian's Reef
(Waukegan, IL) by commercial gill-netters and Illinois Department of Conservation
personnel in October, 1986 and 1987 (Table 5-1). Males and immature females were
transported on ice to Champaign where they were dissected and stored at -800C for
subsequent allozyme analyses. Ripe females were treated in one of two ways. Live
females were stripped of approximately 50 ml of eggs for mtDNA analyses. These
females were then released. To determine if a non-destructive method of tissue
acquisition for mtDNA could be developed, ripe lake trout females that had suffered
net mortality were dissected and their ovaries removed. Eggs and ovaries served as
the tissue source for mtDNA analysis.
Allozyme Analyses: Lake trout were analyzed for variability at 12 polymorphic enzyme
encoding loci. Table 5-2 contains the enzyme systems, loci, tissues and
electrophoretic conditions used for these analyses. Tissue extraction, electrophoresis,
and histochemical staining followed that of Philipp et al. 1979, Koppelman and Philipp
1986, and Krueger et al., 1 .
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Table 1. Collections used for compiling Reference Catalog
and Test Populations.
Original Pop. no. on
pop. no. printout Population name
1) Reference Catalog Collections
MQM 1 MARQUETTE 1988
GIS 2 GULL ISLAND SHOAL 1988
MGI 3 GUll I. S. 1984 *
MSU 4 L. SUPERIOR 1984 *
SEN 5 SENECA LAKE 1988
SL81 6 SENECA LAKE 1981 *
SL83 7 SENECA LAKE 1983 *
SL84 8 SENECA LAKE 1984 *
SLW 9 SENECA WILD *
JLL 10 JENNY/LEWIS LAKES 1988
JL84 11 JENNY LAKE 1984 *
GRL 12 GREEN LAKE 1988
2) Test Populations
WAU 13 WAUKEGAN 1987
RJR 14 JULIAN'S REEF 1988
* From Krueger et al. 1989.
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Table 5-2. Enzyme loci, tissue, and electrophoretic conditions used for lake trout
allozyme analysis.
Enzyme Council Tissue Electrophoretic
Number Enzyme Name Locusa Analyzed Systemb
1.1.1.8 Glycerol-3-phosphate aGpdh-2 Liver TC
dehydrogenase
1.1.1.37 Malate dehydrogenase Mdh-3,4 Muscle TC
1.1.1.40 Malic enzyme Me-1,2 Muscle EBT
1.15.1.1 Superoxide dismutase Sod-2 Eye EBT
2.7.5.1 Phosphoglucomutase Pgm-2 Eye TC
Pgm-3,4 Musccle TC
4.2.1.2 Fumarase Fum-1,2 Muscle TC
5.3.1.9 Glucosephosphate isomerase Gpi-1 Muscle TC
a Nomenclature following Krueger et al. 1989.
b See Koppelman et al. (1986) for specific details on electrophoretic
conditions.
Small samples of frozen tissue were extracted and ground in equal volumes of
0.1M Tris-HCI, pH 7.0 buffer. The grinding disrupts cell membranes to elute
cytoplasmic enzymes. These homogenates were then centrifuged for 15 minutes at
20,000 x g at 4°C. Supernatants were introduced to a vertical starch gel and
electrophoresed for 16 hours, 225 v, 25-35 ma. Following the electrophoretic run, gels
were sliced and histochemically stained for a suite of specific enzymes. Genotypes at
each locus for each individual were inferred from the visualized phenotypes on the
stained gel slices. Allele frequencies, percent polymorphic loci, Nei distance
coefficients, F-statistics, Chi-square contingency and Hardy-Weinberg analyses, and
UPGMA cluster analyses were performed with Biosys-l, Release 1.7 (Swofford and
Selander 1981).
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Mitochondrial DNA Analyses: In addition to the isozyme analyses performed on these
samples, we have developed a protocol for isolating mtDNA and assessing genetic
variation by combining procedures developed by Grewe and Hebert (1987) at the
University of Windsor and by Powers and Chapman (1985) at Johns Hopkins
University. The following is a brief summary of that protocol.
Upon collection, fish are sacrificed, dissected, and liver and ovarian tissues
extracted. Ripe eggs (-50 ml) from live females were also collected and kept fresh on
wet ice. These tissues are then gently homogenized in a standard Sucrose-Tris-EDTA
(SucTE) buffer. The resulting homogenates are centrifuged (700 x g; 10 min.; 40C) to
remove cellular debris. The supernatants containing the mitochondria are then
centrifuged (12,000 x g; 20 min.; 4°C) and the pellets resuspended in SucTE and
recentrifuged twice more to purify whole mitochondria. At this point the mitochondria
appear as a white pellet.
The mitochondrial pellet is then resuspended in a Potassium Chloride-Tris-EDTA
(KTE) buffer and treated with a detergent (10% SDS) to lyse the mitochondrial
membrane, thus solubilizing whole circular strands of mtDNA. Membranous debris is
separated from the mtDNA via centrifugation (12,000 x g; 30 min.; 4°C). All DNA-
bound and soluble proteins are removed with a standard phenol:chloroform (1:1)
extraction procedure. The mtDNA is then precipitated from solution with cold 95%
ethanol. These pellets are washed first in 0.3M sodium acetate, then in sterile double
distilled water, and finally stored in water at -70°C.
Individuals are assessed for genetic variation through restriction endonuclease
fragment analysis (Table 5-3). A small amount of the dissolved mtDNA from each
individual is used as substrate for digestion with a variety of restriction endonucleases.
Digestion with each enzyme requires 1-2 hours at 37°C for completion. Upon
completion, digestion with RNAse to remove all RNA fragments completes the
procedure.
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Table 3. Restriction endonucleases (RE's) and their recognition
sequence used for lake trout.
Endonuclease Recognition Sequence
Ava I * C (T/C)CG(A/G)G
BamHI * G GATCC
Bcll T GATCA
EcoR I G AATTC
Hind III A AGCTT
Hinf I * G ANTC
Nci I CC (G/C)GG
Nco I * C CATGG
* Restriction Endonucleases producing variable fragments used in haplo-type
determination.
The mtDNA fragments are then electrophoresed in a horizontal agarose gel to
separate the fragments, which migrate in the gel in proportion to their molecular
weight. A molecular weight standard is included on each gel to allow size
determination of the fragments. Upon completion of electrophoretic separation, the gel
is stained with ethidium bromide and the DNA fragments visualized with
transilluminated UV light as individual bands. A photograph is taken as a permanent
record. Different banding patterns of these mtDNA fragments indicate mtDNA
sequences differences among individuals. Figure 5-1 provides a schematic of haplo-
type determination from mitochondrial DNA.
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Figure 5-1. A diagram of haplo-type determination from mitochondrial DNA.
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Results
Protein Electrophoretic Analysis: Four individual loci and four duplicated loci
pairs (isoloci) used in this study were previously shown to be variable (Krueger et al.
1989). Sod-2, Gpdh-1, Pgm-2, and Gpi-1 are single loci that express variability in lake
trout, while Me-1,2; Mdh-3,4; Fum-1,2; and Pgm-3,4 are duplicated isoloci. Each
isolocus pair was treated as a single locus with four alleles undergoing tetrasomic
inheritence. A binomial maximum likelihood algorithm was used to determine an
expected distribution of genotype classes. The expected distribution was used in lieu
of an observed genotypic distribution. Any error created by such a treatment is
conservative. Real departures from Hardy-Weinberg (HW) proportions will be hidden;
however, artifactual departures from HW proportions will not be created, as is possible
with other treatments. Allele frequencies at these loci are presented in Table 5-4.
Table 5-5 contains a descriptive summary of enzyme variability of the lake trout
used in this study. Included are the results previously reported by Krueger et al.
(1989) in a separate study. The mean number of alleles is a variability estimate that
measures the relative dispersion of that variability among loci within a collection or
sample. Low variability and dispersion will be indicated with a value of 1.0 and a
standard error of zero (the lower limits). The values increase as the number of
variable loci and individuals within the collection also increases.
Also included in Table 5-5 is an estimate of percentage of the loci that are
polymorphic within a collection. Because only twelve of the more variable loci were
included, these values may at first appear inflated. Relative comparisons to other
species would need to include invariant (monomorphic) loci as well. Monomorphic
loci were not included to minimize the effects of auto-correlation.
Distance coefficients are used as measures of genetic divergence among the
collections. For distance indices, the greater the coefficient value, the more genetically
divergent the two groups are. A variety of distance estimates have been used in
population genetic analyses. The differences are often subtle in their mathematics or
assumptions. Three of the commonly used distance indices are included for
comparative purposes in Tables 5-6 and 5-7. Each collection is compared with all
others in a matrix. In addition, Figures 5-2 through 5-4 are dendrograms of UPGMA
cluster analysis of the distance coefficients previously reported.
48
Table 4. Allele frequencies for polymorphic loci (no-criterion value)
in lake trout.
Population
Locus 1 2 3 4 5 6 7 8
GPDH-1
(N) 27 24 80 64 38 40 94 80
1 .000 .000 .000 .000 .079 .075 .112 .087
2 1.000 1.000 1.000 1.000 .921 .925 .888 .913
SOD-2
(N) 27 24 80 64 38 40 94 80
1 .093 .000 .063 .063 .000 .000 .021 .000
2 .907 1.000 .938 .938 1.000 1.000 .979 1.000
ME-1,2
(N) 27 24 80 64 38 40 94 80
1 .963 .979 .988 .992 .947 .825 .830 .887
2 .037 .021 .013 .008 .053 .175 .170 .112
MDH-3,4
(N) 27 24 80 64 38 40 94 80
1 .926 1.000 .988 .977 1.000 1.000 1.000 1.000
2 .074 .000 .013 .023 .000 .000 .000 .000
FUM-1,2
(N) 27 24 80 64 38 40 94 80
1 .130 .188 .087 .102 .145 .063 .101 .112
2 .852 .813 .913 .898 .842 .938 .899 .887
3 .019 .000 .000 .000 .013 .000 .000 .000
PGM-2
(N) 27 24 80 64 38 40 94 80
1 1.000 1.000 1.000 1.000 1.000 1.000 .931 .938
2 .000 .000 .000 .000 .000 .000 .069 .063
PGM-3,4
(N) 27 24 80 64 38 40 94 80
1 .000 .000 .119 .063 .000 .000 .000 .000
2 .444 .688 .419 .477 .316 .325 .351 .331
3 .556 .313 .463 .461 .684 .675 .649 .669
4 .000 .000 .000 .000 .000 .000 .000 .000
GPI-1
(N) 27 24 80 64 38 40 94 80
1 .000 .000 1.000 .992 1.000 1.000 1.000 1.000
2 1.000 1.000 .000 .008 .000 .000 .000 .000
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Table 4. Continued.
Population
Locus
GPDH-1
(N)
1
2
SOD-2
(N)
1
2
ME-1,2
(N)
1
2
MDH-3,4
(N)
1
2
FUM-1,2
(N)
1
2
3
PGM-2
(N)
1
2
PGM-3,4
(N)
1
2
3
4
GPI-1
(N)
1
2
9 10
80
.069
.931
80
.000
1 .000
80
.931
.069
80
.988
.013
80
.119
.881
.000
80
.988
.013
80
.000
.387
.613
.000
80
1.000
.000
32
.000
1.000
32
.109
.891
32
1.000
.000
32
1.000
.000
32
.109
.891
.000
32
1.000
.000
32
.031
.547
.422
.000
32
1 .000
.000
11
80
.000
1.000
80
.087
.913
80
.988
.013
80
.988
.013
80
.100
.900
.000
80
1 .000
.000
80
.031
.563
.412
.000
80
1 .000
.000
12
22
.000
1 .000
22
.068
.932
22
1.000
.000
22
1.000
.000
22
.182
.818
.000
1.
22
000
000
22
.000
.795
.205
.000
22
1.000
.000
30
.000
1.000
30
.017
.983
30
.983
.017
30
.950
.050
30
.333
.667
.000
30
1.000
.000
30
.167
.433
.400
.000
30
1 .000
.000
50
13 14
13
.038
.962
13
.000
1.000
13
1.000
.000
13
.885
.115
8
.188
.813
.000
13
1.000
.000
13
.077
.385
.500
.038
13
1.000
.000
-----------------------------------------------
Table 5. Genetic variability estimates for lake trout populations.
These estimates reflect only the twelve variable and
scoreable loci. (Standard errors in parentheses).
Mean sample Mean no. Percentage
size per of alleles of loci
Population Locus per locus polymorphic**
1. MARQUETTE 1988
2. GULL ISLAND 1988
3. GULL I.S. *
4. L. SUPERIOR *
5. SENECA L. 1988
6. SENECA 1981 *
7. SENECA 1983 *
8. SENECA 1984 *
9. SENECA WILD *
10. JENNY/LEWIS 1988
27.0
( .0)
24.0
( .0)
80.0
( .0)
64.0
( .0)
38.0
( .0)
40.0
( .0)
94.0
( .0)
80.0
( .0)
80.0
( .0)
32.0
( .0)
1.8
( .3)
1.4
( .2)
1.8
( .3)
1.9
( .2)
1.6
( .3)
1.5
( .2)
1.8
( .2)
1.6
( .2)
1.8
( .2)
1.5
( .3)
62.5
37.5
62.5
75.0
50.0
50.0
75.0
62.5
75.0
37.5
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Table 5. Continued.
11. JENNY L. 1984 * 80.0 1.8 62.5
( .0) ( .3)
12. GREEN LAKE 1988 22.0 1.4 37.5
( .0) ( .2)
13. WAUKEGAN 1987 30.0 1.8 62.5
( .0) ( .3)
14. JULIANS 1988 12.4 1.8 50.0
( .6) ( .4)
* From Krueger et al. 1989.
** A locus is considered polymorphic if more than one allele
was detected
52
Table 6. Matrix of Nei (1978) unbiased genetic distance
coefficients among lake trout collections.
Population 1 2 3 4 5 6 7
I MARQUETTE 1988 ***** .008 .156 .152 .159 .163 .167
2 GULL ISLAND 1988 ***** .160 .154 .173 .178 .180
3 GULL I. S. * ***** .000 .006 .009 .009
4 L. SUPERIOR * ***** .006 .009 .009
5 SENECA L. 1988 ***** .002 .002
6 SENECA 1981 * ***** .000
7 SENECA 1983 * *****
Population 8 9 10 11 12 13 14
1 MARQUETTE 1988 .163 .157 .156 .156 .172 .168 .156
2 GULL ISLAND 1988 .176 .167 .154 .154 .149 .163 .162
3 GULL I. S. * .007 .004 .001 .001 .015 .008 .000
4 L. SUPERIOR * .008 .003 .000 .000 .011 .007 .000
5 SENECA L. 1988 .000 .000 .010 .011 .033 .013 .001
6 SENECA 1981 * .000 .001 .013 .014 .037 .022 .007
7 SENECA 1983 * .000 .001 .013 .013 .034 .020 .007
8 SENECA 1984 * ***** .000 .011 .012 .034 .017 .004
9 SENECA WILD * ***** .006 .007 .024 .011 .000
10 JENNY/LEWIS 1988 ***** .000 .006 .008 .002
11 JENNY L.1984 * ***** .006 .009 .002
12 GREEN LAKE 1988 ***** .015 .016
13 WAUKEGAN 1987 ***** .000
14 JULIANS 1988 ****
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Table 7. Matrix of Rogers Distance and Cavalli-Sforza and Edwards
Distance Coefficients among lake trout collections.
Below diagonal: Cavalli-Sforza & Edwards (1967) chord distance
Above diagonal: Modified Rogers distance (Wright,1978)
-----------------------------------------------------------------------------
Population 1 2 3 4 5 6 7
--------------------------------------------------------
1 MARQUETTE 1988 ***** .097 .357 .353 .360 .364 .363
2 GULL ISLAND 1988 .114 ***** .365 .359 .379 .383 .381
3 GIS * .333 .339 ***** .021 .081 .094 .094
4 L. SUPERIOR * .314 .320 .033 ***** .083 .097 .096
5 SENECA L. 1988 .339 .337 .131 .126 ***** .054 .055
6 SENECA 1981 * .345 .344 .142 .141 .061 ***** .033
7 SENECA 1983 * .347 .350 .150 .147 .088 .072 *****
8 SENECA 1984 * .347 .344 .147 .144 .068 .064 .040
9 SENECA WILD * .336 .335 .124 .116 .049 .058 .068
10 JENNY/LEWIS 1988 .332 .333 .060 .053 .135 .154 .155
11 JENNY L.1984 * .326 .331 .043 .029 .125 .138 .142
12 GREEN LAKE 1988 .339 .327 .118 .102 .154 .175 .175
13 WAUKEGAN 1987 .341 .341 .082 .085 .148 .171 .176
14 JULIANS 1988 .343 .346 .109 .104 .129 .156 .167
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Table 7. Continued.
Population 8 9 10 11 12 13 14
1 MARQUETTE 1988 .361 .357 .358 .358 .376 .366 .358
2 GULL ISLAND 1988 .380 .371 .360 .359 .357 .366 .368
3 GIS * .085 .063 .045 .045' .123 .092 .060
4 L. SUPERIOR * .088 .062 .029 .028 .108 .090 .058
5 SENECA L. 1988 .034 .030 .103 .104 .175 .114 .073
6 SENECA 1981 * .036 .048 .116 .114 .186 .143 .101
7 SENECA 1983 * .025 .047 .112 .110 .178 .135 .097
8 SENECA 1984 * ***** .032 .106 .106 .176 .126 .085
9 SENECA WILD * .047 ***** .082 .081 .152 .108 .062
10 JENNY/LEWIS 1988 .154 .131 ***** .011 .088 .098 .080
11 JENNY L.1984 * .141 .114 .037 ***** .084 .099 .078
12 GREEN LAKE 1988 .172 .147 .074 .079 ***** .126 .137
13 WAUKEGAN 1987 .167 .141 .112 .096 .137 ***** .069
14 JULIANS 1988 .151 .117 .133 .118 .156 .095 *****
* From Krueger et al. 1989.
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Figure 2. UPGMA clustering analysis of Rogers Distance
Coefficients among lake trout collections.
Population or cluster Clustering
numbers joined level Cycle
1 2 .09748 1
3 4 .02137 1
5 9 .02960 1
7 8 .02484 1
10 11 .01143 1
3 10 .03653 2
6 7 .03468 2
5 6 .04500 3
3 14 .06912 4
3 13 .08970 5
3 5 .09736 6
3 12 .13936 7
1 3 .36494 8
Distance
.33 .27 .20 .13 .07 .00
-+----+----+----+----+----+----+----+----+----+----+----+
**************** MARQUETTE 1988
*****************************************
* **************** GULL ISLAND 19
*
* **** GIS *
* ***
* * **** L. SUPERIOR *
* * * *** JENNY/LEWIS 19
* **** ****
* * * *** JENNY L.1984 *
* *** *
* * * *********** JULIANS 1988
* * *
* * ************** WAUKEGAN 1987
* * * ***** SENECA L. 1988
* * * ****
* * * * ***** SENECA WILD *
* * *********
*********************************** * ****** SENECA 1981 *
* ***
* ****** SENECA 1983 *
* **
* ***** SENECA 1984 *
*
********************** GREEN LAKE 198
.33 .27 .20 .13 .07 .00
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Figure 3. UPGMA cluster analysis of Nei (1978) unbiased genetic
distance coefficients among collections for lake trout.
------------------------------------------- ---------------
Population or cluster Clustering
numbers joined level Cycle
------------------------------------------------------
1 2 .00784 1
3 4 .00000 1
5 8 .00000 1
6 7 .00000 1
3 14 .00000 2
10 11 .00000 2
3 10 .00113 3
5 9 .00009 3
5 6 .00101 4
3 13 .00646 5
3 5 .00938 6
3 12 .02116 7
1 3 .16230 8
Distance
.17 .13 .10 .07 .03 .00
*** MARQUETTE 1988* MARQUETTE 1988
*** GULL I.S 1988
* GULL I.S. *
*
* L. SUPERIOR *
*
* *
* *
** *
** *
*
* * * *
* * * *
* * * *
* * * *
******************************************** ****
* *
* *
* *
* *
JULIAN'S 1988
JENNY/LEW 1988
JENNY L.1984 *
**
**** WAUKEGAN 1987
SENECA L. 1988
SENECA 1984 *
SENECA WILD *
SENECA 1981 *
SENECA 1983 *
******* GREEN LAKE 1988
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Figure 4. UPGMA cluster analysis of Cavalli-Sforza & Edwards (1967)
chord distance coefficients among collections for lake
trout.
Population or cluster Clustering
numbers joined level Cycle
1 2 .11436 1
4 11 .02883 1
7 8 .03957 1
3 4 .03805 2
5 9 .04887 2
3 10 .04989 3
5 6 .05947 3
3 12 .09339 4
5 7 .06766 4
13 14 .09486 5
3 13 .11333 6
3 5 .14577 7
1 3 .33700 8
Distance
.33 .27 .20 .13 .07 .00
---+ ---+----+----+----+----+----+----+----+----+----+
****************** MARQUETTE 1988
* ****************** GULL I.S. 1988
*
* ******* GULL I.S. *
* **
* ** ***** L. SUPERIOR *
* * * ***** JENNY L.1984 *
* **** *
* * * ******** JENNY/LEW 1988
* * *
* ****** *************** GREEN LAKE 1988
* * *
* * * *************** WAUKEGAN 1987
* * ****
* * ************** JULIANS 1988
******************************
* ******** SENECA L. 1988
* ***
* ** ******** SENECA WILD *
* **
*********************** SENECA 1981 *
*
* ******* SENECA 1983 *
******* SENECA 1984 *
.33 .27 .20 .13 .07 .00
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Mitochondrial DNA Analysis: Data from Grewe and Hebert (1987) was used to
construct the Reference Catalog. Test fish were collected from Julian's Reef in
1988. From the four restriction endonucleases used in the final analysis, the
Reference Catalog had seven haplo-types that were observed from Marquette,
Green Lake, Seneca Lake, and Jenny/Lewis Lakes. Among the lake trout
collected on Julian's Reef, six haplo-types were observed. Three of these were
previously observed by Grewe and Hebert (1987) and three were not.
Table 5-8 summarizes the mtDNA data from Julian's Reef lake trout. All
lake trout recovered were identifiable by fin clips. All were from Lake Superior
(with 2 individuals possibly originating as Green Lake strain fish). Figure 5-6
presents the distribution of mtDNA haplo-types of lake trout from the various
sources.
Table 5-8. Lake trout analyzed for mtDNA variabililty collected on Julian's Reef
1988.
Fish I.D. Strain Source Ava I BamH I Hind III
88.1 Lake Superior
88.2 Lake Superior
88.3 Lake Superior
88.4 Lake Superior
88.5 Lake Superior
88.6 Lake Superior
88.7 Green Lake or
Lake Superior
88.8 Green Lake or
Lake Superior
88.9 Lake Superior
Hinf I
C C A E2
A A A D
A A A D
A A A D
B B A D
NciLI EcoRI
A,B orD A
Bcl I Nco Haplo-tvye 1
A A CCEA
A,B orD A A A AADA
A,B orD A A A AADA
A,B, or D A A A AADA
A,B, orD A A A BBDA
C C A E 2 A,B, or D A A C CCEC
A A A A A,B,or D A A A
C C A C A,B,or D A
AAAA
A A CCCA
A A A A A,B, orD A A A AAAA
1 Haplo-type nemenclature is made-up of a four letter combination
the fragment profiles produced by Ava I, BamH I, Hinf I, and Nco I.
2 Fragment profile not observed by Grewe and Hebert (1987).
referring to
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Discussion: Protein Electrophoretic Analysis: The level of allele frequency variation
among the collections is greatest for Fum-1,2 and Pgm-3,4. The remaining loci,
although variable, are not contributing significantly to the pattern of variation observed.
The amount of variation is itself variable among years for collections made in the same
locality. For example, the percentage of polymorphic loci for Lake Superior strains
(populations 1-4; Table 5-5) vary from 37.5% to 75% between years. Jenny Lake fish
vary from 37.5% to 63% between years. The implications of this result are that yearly
variation may be as great as any inter-strain variation.
The cause of this phenomenon is not exactly clear, but underlies the importance
of maintaining large effective breeding populations (Ne) in any hatchery operation.
Yearly "bottlenecks" may be responsible for lower variability in some years.
Additionally, these results emphasize the importance of maintaining an annual data
base from which to compare populations recipient of enhancement stockings.
A hypothetical example in which error can arise would be to compare a Test
Population produced in a year with high variability to a Reference Catalog from a year
with low variability. The Mixed-Stock analysis assumes that the Reference Catalog
contains an accurate representation of genotypes (and their frequency) of all the donor
sources. The highly variable Test Population would contain more genotypes and
possibilities than the Reference Catalog can account. The analysis would fail at such
a juncture. In contrast, where yearly variation is insignificant (such as the Seneca
Lake strain) across year comparisons can be more legitimate.
The results from the cluster analyses differ slightly among the three genetic
distance indeces used. All three do indicate similar overall trends. First, the two Lake
Superior strains from 1988 are distinct not only among collections taken from
geographically distant sources, but also from other Lake Superior fish taken in other
years. Second, the Seneca Lake strain collections all cluster together across all years
collected. Thirdly, in two of the three analyses, the Green Lake strain is somewhat
distinct. The lack of distinction in the third analysis (Cavalli-Sforza and Edwards chord
distance; Figure 5-4) suggests that caution be exercised in drawing any conclusions
regarding this strain. Finally, the Test Populations have an affinity for both Jenny Lake
collections and to two of the Lake Superior strain collections. Anecdotal evidence
regarding the origin of Jenny/Lewis Lakes fish suggests a northerly Lake Michigan
origin (Krueger et al. 1989). The geographical distance of northern Lake Michigan
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with the areas of Lake Superior where lake trout are collected is not that great. The
main complicating factor in the analyses is the clustering pattern of the 1988 Marquette
and Gull Island Shoal collections in relation to the other Lake Superior fish. This may
well prove to be an anomaly, but a closer look should be taken.
Mitochondrial DNA Analysis: Mitochondrial DNA data for Marquette, Green Lake,
Lewis/Jenny Lakes, and Seneca Lake were culled from Grewe and Hebert (1987).
Using fragment profiles from the four restriction endonucleases described earlier,
seven haplo-types were observed among the four strains (Figure 5-5). Marquette lake
trout were the most diverse. Five haplo-types were represented in the strain. Green
Lake and Seneca Lake each had only two haplo-types. Green Lake fish were over
90% the AAAA haplo-type. The Seneca Lake strain was over 90% the BBBA haplo-
type. Therefore the discriminatory power of this technique between these two strains
is high. The larger data set used by Grewe and Hebert (1987) included more
restriction endonucleases but was not significantly more powerful than considering
only the four used here. For Jenny/Lewis Lakes four haplotypes were resolved. Over
half of the individuals tested had the BBBA haplotype. Distinguishing between this
strain and Seneca Lake is thus not as easy. A greater number of individuals is
required for better statistical power.
Figure 5-5. Distribution of haplo-types among reference and test populations.
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AAAA AADA ADDA BBBA BBDA CCCA CCCB CCEA CCEC DCCB
HAPLO-TYPES
The analysis of Julian's Reef lake trout revealed several interesting results.
First, six haplo-types were observed among only nine individuals. Second, three of
these haplo-types had not been previously identified be Grewe and Hebert (1987).
This violates one of the basic assumptions of Mixed-Stock analysis and suggests that
there was a greater amount of variability among the brood source used to produce the
Lake Michigan enhancement stock, than there was sampled by Grewe and Hebert.
Finally, by qualitatively comparing the Julian's Reef fish with the four Reference
Catalog groups, the fish from Julian's Reef most closely resemble the Marquette strain.
Conculsions
1) ALLOZYME DATA INDICATE THAT LAKE TROUT FROM WAUKEGAN HARBOUR
COLLECTIONS ARE PRIMARILY COMPOSED OF THE MARQUETTE (LAKE
SUPERIOR) STRAIN.
2) ALLOZYME DATA FROM JULIAN'S REEF LAKE TROUT ALSO INDICATE A LAKE
SUPERIOR ORIGIN (MARQUETTE OR GULL ISLAND SHOAL).
3) MITOCHONDRIAL DNA DATA INDICATE THAT LAKE TROUT FROM JULIAN'S
REEF HAVE A GREATER NUMBER OF HAPLO-TYPES THAN HAS PREVIOUSLY
BEEN OBSERVED FOR KNOWN LAKE SUPERIOR STRAINS.
Recommendations
1) CONTINUED PERIODIC MONITORING OF HATCHERY LAKE TROUT BROOD
STOCK SHOULD BE IMPLEMENTED TO PROVIDE FOR A MORE COMPREHENSIVE
DATA BASE OF THE GENETIC VARIABILITY OF DONOR STOCKS.
2) AN EXPANDED SAMPLING SCHEME SIMILAR TO THE PROGRAM USED IN THE
PACIFIC NORTHWEST SALMONID MANAGEMENT PROGRAM SHOULD BE
IMPLEMENTED TO INCLUDE ALL OF THE AREAS IN WHICH LAKE TROUT
CONGREGATE TO SPAWN. See Appendix 1.
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3) SAMPLES OF EMERGING FRY AND EGGS FROM EGG TRAPS SHOULD BE
REARED AND ANALYZED YEARLY TO DETERMINE THE STRAIN SOURCE OF
THEIR PARENTS.
Summary
LAKE TROUT MANAGEMENT PROGRAMS SHOULD CONCENTRATE ON
STOCKING ONLY THE MOST SUCCESSFULL , EFFICIENT, AND NATURAL
REPRODUCTIVE STRAINS OF LAKE TROUT IN FUTURE RESTORATION EFFORTS.
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Appendix 1. A suggested protocol for the Mixed-Stock Fishery analysis of Lake
Michigan's lake trout population.
1) A temporary lab facility should be installed in the Chicago/ Waukegan area. The
lab should be able to handle up to 60 individuals per day for approximately 2-3 weeks
in August and 4-6 weeks in October/November.
2) Lake trout collected as part of the annual census in August and October/November
can be used as the primary source for Test Populations.
A) Males and subadults: destructive methods.
i) Fin clips and length/weight should be recorded to determine the strain
of each individual. Each individual should be assigned an identification
number. Only after analysis is completed, should the strain of each
individual be revealed.
ii) Fish should be immediately put on ice and gills removed as time
permits.
iii) Excise liver tissue and store with Sucrose-TE buffer. If a centrifuge is
available (highly recommended), grind, spin, lyse organelle membrane,
retrieve mtDNA and freeze in ddH20. Samples can then be transported
frozen (in liquid nitrogen) to the laboratory in Champaign for purification,
cleavage, and visualization.
iv) Muscle and eye tissue should also be excised for protein
electrophoresis. This procedure can be run overnite in the temporary lab
facility. Genetic data should be collected for the following loci: Gpdh-1, Sod-2,
Me-1,2, Mdh-3,4, Fum-1,2, Pgm-2, Pgm-3,4, Gpi-1 (with potential to include the
following loci, Prot-2, Aat-M, Mup-1, and Pep2. Data can be entered
immediately into a portable PC and sent to Champaign or any other central
location.
B) Ripe females: non-destructive method.
i) Remove approximately 50 cc eggs into ziploc bag and place these on wet
ice (do not freeze). A small amount of cold Sucrose-TE buffer should be added to
preserve the integrity of egg membrane.
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ii) Record fin clips and length/weights for strain determination. Assign an
identification number to each individual and keep identity blind until
analysis is complete.
iii) Isolate mtDNA,. freeze in ddH20, and ship to Champaign for further
analysis.
C) Hatchery Strains (Sampled yearly).
i) A sample (50cc) of eggs from each female used in production should be
saved and sent on wet ice for mtDNA analysis. A representative sample of the
yearly production stock (YOY) of each strain should be retrieved yearly and sent to
the lab. A minimum of twenty individuals at least 6" in length should be included.
In addition, tissue from any adult female mortalities can be retrieved to bolster
sample size.
ii) Upon receipt, liver tissues should be subjected to immediate
mtDNA isolation. Isolated mtDNA can be frozen for further analysis.
iii) Record of strain identity should be maintained for all individual egg takes,
yoy and adults analysed.
iv) All individuals should be subjected to protein electrophoresis to develop a
yearly data base.
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Study 6: Factors Affecting Largemouth Bass Recruitment in Northern
Illinois Lakes
Introduction
Previous IDOC population surveys suggested that largemouth bass populations
in certain northern Illinois lakes (e.g. Pierce Lake) perennially experience recruitment
problems. Although reproductive efforts of adults are apparently successful, there is
often significant overwinter mortality of YOY individuals in some lakes, resulting in
consistently poor 1+ year-classes. The extent of this problem among northern state
lakes, as well as the factors causing it, are currently not well known. Although the
ultimate causes of this poor recruitment may reside in existing physical-chemical or
forage base imbalances in the lakes in question, our previous research indicated that
populations of largemouth bass in Illinois demonstrate significant genetic variation. In
addition, many populations exhibit allele frequencies unexpected for their geographic
location. This unexpected genetic composition most likely reflects the source of the
founding population upon impoundment and may indicate that the founding stock was
not well adapted for that environment. An inappropriate genetic composition may very
well provide that population with an ineffective metabolic strategy for overwintering,
causing a recruitment failure even with adequate forage present.
Job 1. Life History Assessment
Objective: To compare key life history parameters for largemouth bass populations in a
number of northern Illinois lakes to identify test and control lakes for a further in-depth
study of recruitment problems.
Results: At the outset, we wish to state our caution in data interpretation for this job due
to the fact that these results reflect sampling for a single season during a 100-year
drought period in Illinois. Therefore, conclusions must be considered tentative until at
least a second year of data analysis has been completed. The following are summaries
of the various areas of this job.
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1. Spawning Period
Spawning observations were made in late May and early June in both 1988 and
1989 to assess the duration of the spring reproductive period. Direct observation of
spawning, as well as observation of fry and egg condition, where possible, were
undertaken to determine the onset, peak, and end of spawning (Table 6-1). No direct
observations could be made at Pierce (poor visibility) and Apple Canyon (access not
permitted until after spawning period) lakes in 1988, or at George, Johnson Sauk Trail,
and Pierce lakes in 1989 due to depth or turbidity problems. In these cases, dates of
actual spawning activity was inferred by viewing abandoned nests, examining reports
from IDOC biologists, and talking with local anglers, if possible.
TABLE 6.1. Observed spawning periods for the 7 study lakes. Asterisk indicates those
lakes with poor visibility where spawning was either not observed, or was inferred from
other sources (see text for details).
1988
LAKE ONSET OF SPAWN PEAK OF SPAWN END OF SPAWN
SHABBONA May 19 May 22 May 26
PIERCE*
LE-AQUA-NA May 18 May 21 May 25
APPLE CANYON*
CARLTON May 10 May 17 May 22
GEORGE May 10 May 17 May 22
SAUK TRAIL May 19 May 21 May 26
1989
LAKE ONSET OF SPAWN PEAK OF SPAWN END OF SPAWN
SHABBONA May 20 May 24 June 6
PIERCE* May 10 May 15 May 26
LE-AQUA-NA May 10 May 15 May 25
APPLE CANYON May 15 May 24 June 4
CARLTON May 10 May 15 May 24
GEORGE* May 10 May 15 May 26
SAUK TRAIL* May 10 May 15 May 26
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The observation data suggest only minimal variation among lakes with respect to
spawning period for the two study years to date. Carlton and George lakes have
consistently earlier onsets and peaks of spawning, but end more or less at the same
time as the other lakes. This may give adults more opportunity to spawn, but this is not
reflected in the strength of the year-class entering winter. In 1989, Shabbona and
Apple Canyon had later onsets and peaks of spawning than the other lakes, and the
end of the spawning period was 1-2 weeks later than the other lakes. Both of these
lakes had the highest production of YOY in 1989, suggesting that a later and longer
spawning period may affect YOY recruitment. However, the amount of spawning
habitat available in each lake was not assessed, and differences in this parameter could
directly influence YOY production. The aspect of spawning duration needs further study
to determine its potential impact on recruitment within the largemouth bass populations
in these lakes.
Analysis of daily otolith rings to back-calculate spawning period is currently
underway and has only been completed for a subsample of YOY from George Lake
collections (Fig. 6-1). However, these data suggest that our estimates of the duration of
the spawning period based upon visual identification may be misleading. It appears
that many of the early spawners were unsuccessful and that we may have missed a
number of late spawners that contributed significantly to YOY production. However,
these data are for one lake only and have not as yet been verified with known-age
individuals.
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Figure 6-1. Frequency histogram of number of YOY spawned in Lake George on each
date during the spawning period, as determined from otolith daily ring analysis (N=51).
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2. Abundance
At each study lake, a number of sites for electrofishing sampling were selected to
represent all available LMB habitat types to ensure an unbiased sampling of both YOY
and non-YOY individuals. Each site represents 10 minutes of electrofishing along the
shoreline as a standardized, quantitative assessment of YOY abundance. Each site
was sampled monthly through the growing season in 1988 (July - October), with the
exception of Carlton, George, and Sauk Trail lakes receiving an extra sampling in June
to determine if YOY could be collected at that time. Fish were collected during the 10
minute electrofishing runs (2000 watt AC), and up to 50 individuals were put on ice for
further analyses. Any supplemental fish collected were enumerated and returned to the
lake after each run. Numbers of 1988 and 1989 YOY collected and catch per unit effort
(CPUE) at each of the seven study lakes during each month of collection in 1988 and
1989 are given in Table 6-2 for reference.
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TABLE 6-2. Number of YOY collected and catch per unit effort (CPUE in number of fish
collected per 10 minutes of electrofishing in the littoral) for each study lake and monthly
sampling period in 1988 and 1989. Number of sample sites on each lake given in
brackets below lake name.
1988
#
CPUE
#
CPUE
#
CPUE
#
CPUE
#C
CPUE
Shab
(5 sites)
87
1.74
94
1.88
207
4.14
201
4.02
June
July
Aug
Sept
Oct
April
May
July
Aug
Sept
Oct
Pierce
(5 sites)
115
2.30
24
0.48
83
1.66
84
1.68
Pierce
(5 sites)
5
0.10
3
0.06
34
0.76
6
0.12
5
0.10
7
0.29
Lake-Aqua-Na
(6 sites)
20
0.33
7
0.10
9
0.13
Lake-Aqua-Na
(6 sites)
23
0.43
29
0.50
8
0.13
10
0.17
Apple Canyon
(8 sites)
65
0.81
64
0.80
100
1.25
107
1.34
1989
Apple Canyon
(8 sites)
18
0.23
25
0.31
19
0.24
32
0.40
47
0.59
70
0.88
70
Shab
(5 sites)
# 18
CPUE 0.36
# 4
CPUE 0.08
# 41
CPUE 0.82
# 51
CPUE 1.02
# 54
CPUE 1.08
# 20
CPUE 0.44
Carlton
(8 sites)
57
0.95
55
0.69
31
0.39
65
0.81
5
0.06
Canton
(8 sites)
22
0.28
4
0.08
59
0.74
48
0.60
39
0.49
15
0.19
George
(7 sites)
49
0.82
74
1.06
49
0.70
70
1.00
20
0.29
George
(7 sites)
31
0.55
13
0.19
26
0.37
32
0.46
21
0.30
19
0.26
Sauk Trail
(10 sites)
73
1.22
61
0.61
62
6.20
86
0.96
6
0.07
Sauk Trail
(10 sites)
10
0.13
0
0.0
54
0.69
3
0.06
9
0.09
31
0.34
The CPUE for 1988 YOY varied significantly among monthly collection periods
and among lakes. The general pattern among the lakes, in terms of decreasing CPUE
(on average for summer), was Shabbona, Pierce, Apple Canyon, George, Carlton, Sauk
Trail, and Le-Aqua-Na. Although this simply shows that the study lakes differed in
relative and absolute YOY production in 1988, we are currently unable to attribute the
differences to any specific factor.
In April and May of 1989 we sampled at the same sites in each lake to estimate
the numbers of the 1988 year-class which successfully overwintered. Monthly
collections of 1989 YOY began in July and ended in October. These individuals (up to
50 per site) were also frozen for future analysis of otolith daily rings, stomach contents,
growth, and genetic composition. Spring 1989 abundance data of 1988 year-class
(YOY) LMB indicated that overwinter recruitment appeared to be greatest in George and
Apple Canyon lakes, and poorest in Pierce and Sauk Trail lakes (Fig. 6-2). Shabbona
and Carlton lakes were intermediate. The lakes varied greatly in their pre-winter
numbers of YOY, reflecting differences in reproductive success. However, these
differences (both in pre- and post-winter numbers of YOY) does not seem to be reflected
in the average size of YOY entering, or surviving winter (Fig. 6-5).
The 1989 CPUE data varied among months and among lakes, but not to the
same degree as for 1988 (e.g. Shabbona had CPUE values, on average, more similar
to other lakes in 1989). There was also a similar pattern of decreasing CPUE among
lakes (Shabbona, Apple Canyon, Carlton, George, Pierce, Le-Aqua-Na, Sauk Trail),
with the exception of Pierce Lake, which appeared to have suffered much poorer YOY
production in 1989 as compared with 1988.
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FIGURE 6-2. Catch per unit effort (CPUE) for fall 1988 (October) and spring 1989 (April)
sampling periods in 6 northern Illinois study lakes to demonstrate overwinter survival of
1988 YOY LMB.
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3. Growth
To determine if there are differences in growth profiles of largemouth bass
among the seven study populations, both YOY and non-YOY were collected during the
timed, monthly electrofishing runs from June to October, 1988 so that each year-class
could be assessed. Lengths and weights were taken, along with scale samples, from
each fish collected. Growth profiles for 1988 YOY (Fig. 6-3) and size-at-age histograms
for 0+ to 3+ age classes (Fig. 6-4) were generated for each of the study lakes.
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FIGURE 6-3. Growth profiles for YOY LMB collected during electrofishing sampling in 6
northern Illinois study lakes in 1988. (Le-Aqua-Na lake suffered very poor production
and survival of YOY and is not shown due to inability to collect these individuals.)
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FIGURE 6-4. Size-at-age histograms showing relative growth of LMB to year 3+ for 7
northern Illinois study lakes in 1988. YOY sizes are for July collection only; non-YOY
sizes are for pooled samples from all 1988 collections. YOY (age 0+) from Le-Aqua-Na
were not collected due to poor survival.
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FIGURE 6-5. Mean size of 1988 YOY LMB entering (Oct) and leaving (Apr) winter for 6
study lakes.
E
I-
LJJ
_J
,J
z
w
>
I-
0
I-
z
0
150
100
50
0
SHAB PIER ACL CARL GEOR JST
These data suggest that in 1988, YOY largemouth bass in 5 of the 6 study
populations had very similar growth patterns and achieved similar pre-winter (Oct.)
sizes, despite some differences in the time to switch-over to piscivory (see Table 6-6).
However, YOY in Shabbona Lake apparently did not make the switch-over to feeding
on fish, accounting perhaps for their observed slower growth. These differences,
however, do not carry over to the older age-classes, as fish in Shabbona achieved
similar sizes by age 1+. Note also that although there was very poor production of YOY
in Le-Aqua-Na in 1988 due to the drought, there is little difference in the growth of older
age-classes compared to the other 6 study lakes.
Even though YOY overwinter survivors were the larger individuals, recruitment
success was not correlated with pre-winter YOY body size (Fig. 6-3). For example,
George had the highest overwinter recruitment and Sauk Trail the lowest, yet these
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lakes did not significantly differ in the mean size of YOY entering winter. Another thing
apparent from these data is that YOY from Shabbona entered winter at the smallest size
compared to all other lakes, and subsequently suffered the highest overwinter mortality,
in terms of proportion of YOY surviving to spring collection. However, there were still
relatively numerous individuals remaining in the population as potential recruits to the
1 +year class.
4. Genetic Composition
Summer 1988 (July and September) and spring 1989 (April and May) collections
were also used to determine the pre- and post-winter genetic composition of YOY in
each study lake using protein gel electrophoresis (Table 6-3). There are two general
patterns that emerged from these data. First, as expected the frequency of the Mdh-B1
allele is higher than that of the Mdh-B2 allele in all lakes. However, the unusually high
incidence of the B2 allele in some of these lakes, as compared to levels encountered in
previous surveys of lakes in this region, suggests a strong influence of Mdh-B2B2 fish
which may have been introduced through previous supplemental stockings.
Second, there appears to be a somewhat consistent pattern of increase in the B1
allele frequencies among 1988 YOY from July to October. Some lakes returned to pre-
winter frequencies in spring, probably due to differential mortality among genotypes.
We cannot now identify the mechanism to account for these changes, but again caution
that these data represent only a single season.
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TABLE 6.3. Genetic composition of 1988 YOY largemouth bass in seven northern Illin(
study lakes as determined by protein gel electrophoresis.
ALLELE
FREQUENCY
LAKE
Pierce
Shabbona
Apple Canyon
Carlton
George
Sauk Trail
Le-Aqua-Na
DATE
July 88
Sept 88
Spring 89
July 88
Sept 88
Spring 89
July 88
Sept 88
Spring 89
July 88
Sept 88
Spring 89
July 88
Sept 88
Spring 89
July 88
Sept 88
Spring 89
July 88
Sept 88
Spring 89
N
50
49
10
50
50
22
50
50
43
50
50
26
50
43
36
50
50
10
36
0*
0*
B 1
.76
.83
.85
.83
.87
.77
.78
.82
.75
.61
.80
.73
.61
.75
.77
.86
.90
.75
.88
B2
.24
.17
.15
.17
.13
.23
.22
.18
.25
.39
.20
.27
.39
.25
.23
.14
.10
.25
.11
.56 .40
.72 .23
.80 .10
.66 .34
.74 .26
.59 .36
.58 .40
.70 .24
.58 .35
.38 .46
.64 .32
.54 .38
.38 .46
.56 .38
.61 .33
.74 .24
.84 .12
.60 .30
.83 .11
* 1988 year-class had very poor survival
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GENOTYPE
FREQUENCY
1/1 1/2 2/2
.04
.05
.10
.00
.00
.05
.02
.06
.07
.16
.04
.08
.16
.06
.06
.02
.04
.10
.05
Job 2. Diet Assessment
Qbjective: To assess diet composition of YOY through the growing season (summer-
fall) and determine the time of switch-over to piscivory.
Results: To assess the species composition of the piscine forage base present in each
lake, qualitative collections of forage fish species were made during the monthly
shocking runs at each of the seven study lakes during the spring and summer of 1988.
Species composition (Table 6-4) did not vastly differ among lakes, which were all
centrarchid dominated, except for the presence of gizzard shad in 3 lakes (Pierce,
Shabbona, and George).
TABLE 6-4. Forage fish species available to largemouth bass YOY in each of the 7
northern Illinois study lakes. List compiled from IDOC annual surveys and electrofishing
samples from this study. Note that esocids, catostomids, and ictalurids are omitted.
COMMON NAME
Largemouth bass
Smallmouth bass
Yellow perch
Crappie sp.
Gizzard shad
Brook silverside
Minnows
Darters
Warmouth
Bluegill sunfish
Green sunfish
Redear sunfish
Longear sunfish
SPECIES
Micropterus salmoides
Micropterus dolomieui
Perca flavescens
Pomoxis spp.
Dorosoma cepedianum
Labidesthes sicculus
Cyprinidae
Etheostoma spp.
Lepomis gulosus
Lepomis macrochirus
Lepomis cyanellus
Lepomis microlophus
Lepomis megalotis
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CODE
LMB
SMB
YLP
CRP
GSD
SIL
CYP
DAR
WAR
BLG
GSF
RES
LES
(TABLE 6-4. Continued)
LAKE POSSIBLE FORAGE SPECIES
Shabbona LMB, BLG, CRP, SIL, CYP, SHD, DAR, GSF
Pierce LMB, BLG, CRP, YP, GSF, CYP, SIL, SMB, SHD
Le-Aqua-Na LMB, BLG, CRP, WAR, RES, CYP
Apple Canyon LMB, BLG, CRP, GSF, SMB
Carlton LMB, SIL, CRP, RES, GSF, GLG
George LMB, GSF, LES, CRP, BLG, SHD
Sauk Trail LMB, BLG, RES, CRP, CYP, GSF, SIL
Examination of the gut contents of YOY LMB taken from each study lake during
the July, August, September, and October 1988 collections (Table 6-5) revealed the
time of switch-over from benthivory to piscivory, as per our 20% criterion (i.e. 20% of a
YOY sample had fish in their stomachs at the time of collection; Table 6-6) which could
then be correlated with growth rate (refer to seasonal growth curves; Fig. 6-3). Gut
analysis also revealed that Lepomis spp. were the preferred piscine forage in all lakes,
despite the fact that gizzard shad were potentially available in 3 of the lakes (Shabbona,
Pierce, and George).
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TABLE 6-5. Diet composition of 1988 YOY LMB from July-October in each of 6 northern
Illinois study lakes (Le-Aqua-Na excluded due to inability to collect YOY).
LAKE
Shabbona
Pierce
Apple
Canyon
Carlton
George
Sauk
MONTH
Jul
Aug
Sep
Oct
Jul
Aug
Sep
Oct
Jul
Aug
Sep
Oct
Jul
Aug
Sep
Oct
Jul
Aug
Sep
Oct
Jul
Aug
Sep
Oct
N
30
32
30
30
25
39
30
30
30
30
30
30
8
30
30
30
30
20
30
30
30
30
30
30
% INVERTS
86.7
87.5
80.0
80.0
96.0
94.9
56.7
36.7
36.7
43.3
43.3
36.7
75.0
66.7
60.0
60.0
96.7
30.0
13.3
16.7
100.0
97.0
90.0
93.3
% FISH
0.0
9.4
0.0
3.3
4.0
0.0
26.7
13.3
20.0
20.0
23.0
33.3
0.0
23.3
26.7
26.7
0.0
55.0
53.3
56.7
0.0
0.0
0.0
0.0
% EMPTY
13.3
3.1
20.0
16.7
0.0
5.1
13.3
50.0
43.3
36.7
33.0
30.0
25.0
13.3
13.3
13.3
3.3
20.0
33.3
26.7
0.0
3.0
10.0
6.7
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TABLE 6-6. Time of switch-over to piscivory (i.e. 20% of YOY had fish forage in their
stomach for collection) for each of 6 northern Illinois study lakes. Le-Aqua-Na is not
included due to our inability to collect YOY in 1988.
LAKE TIME
Shabbona
Pierce Aug - Sept
Apple Canyon June - July
Carlton July - Aug
George July - Aug
Sauk Trail* June - July
* YOY were feeding on crayfish for most of the summer which may account for the
observed good growth in this lake
Job 3. Overwintering Metabolic Strategies
Objective: To compare overwintering metabolic strategies of test and control
largemouth bass populations with those of known genetic stocks.
Results: To assess the relative ability of various largemouth bass stocks to assimilate
the lipid stores necessary to fuel their metabolism through the first winter of life,
controlled overwintering experiments were undertaken at INHS facilities in Champaign.
Genetically identifiable control stocks of YOY largemouth bass from Wisconsin (WLMB),
Texas (TXLMB), and pure Florida (FLMB), were obtained successfully by spawning
broodstock at INHS pond facilities in the spring of 1988. Test stocks of Pierce Lake LMB
(PLMB) YOY were obtained directly from the lake during monthly shocking runs.
Northern Illinois (NILMB) YOY test stocks were obtained as fingerlings in July from Jake
wolf Memorial Fish Hatchery. These fish had been spawned from genetically tagged
broodstock and reared at the hatchery as described in Study 3 (Job 1). Southern Illinois
(SILMB) were produced from broodstock obtained from Little Grassy Fish Hatchery and
successfully spawned at the INHS pond site.
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YOY LMB of the six stocks were given a stock-specific fin clip and reared in
separate ponds throughout the summer of 1988 at the INHS pond site. Five of the six
stocks were transferred to one pond in the fall with the exception of WLMB which were
substantially smaller than the other stocks. Stunting occurred due to competition
amongst the large numbers of YOY in the WLMB brood pond. The pond containing the
five stocks was drained on Nov. 22, 1988 and the fish sorted by clip so that two
overwintering experiments could be set up. The pond containing the WLMB was
drained on Dec. 6 and the fish entered into both the pond and laboratory experiments.
At the the time of the two pond drainings, ten individuals of each stock were frozen to
serve as pre-winter lipid content reference determined by chloroform lipid extraction
method for total fish body homogenate (Table 6-7).
Table 6-7. Average percent lipid content and average condition factor (with standard
errors) of each of six stocks of YOY LMB before going into winter.
Stock Ave. % lipid content + S.E. Condition Factor
PLMB 5.125 + 0.270 0.1639 + 0.008
NILMB 3.825 + 0.227 0.0982 + 0.002
SILMB 4.605 + 0.245 0.0896 + 0.007
WLMB 4.575 + 0.327 0.0530 + 0.002
TXLMB 3.539 ± 0.217 0.1703 + 0.024
FLMB 4.527 + 0.199 0.1394 + 0.004
An analysis of variance run on the percent lipid content across the stocks showed
that there were significant differences between stocks, but no logical discernable pattern
could be detected. It is still undetermined whether or not this technique has the
precision, accuracy, and. sensitivity to detect these subtle changes.
Pond overwintering study: This study involved putting equal numbers of each stock into
several ponds to overwinter and compare survival and lipid content between five stocks.
TXLMB were not included because of the low numbers produced in that brood pond in
1988. One pond was stocked with 25 individuals of each stock and two other ponds w
ere stocked with 40 individuals of each stock. All four ponds involved in the pond
experiment were drained between Mar. 17-29, 1989, and each stock censused for
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overwinter survival (Tablei 6-8). Up to ten individuals of the five stocks were frozen for
comparative lipid content analysis which is currently underway.
TABLE 6-8. Numbers of each of the five largemouth bass stocks recovered from the four
overwinter survival study ponds at the INHS pond site (number in parentheses
represent the number of individuals of each stock put into the pond before winter)
STOCK NHS#8 NHS#10 NHS#11
PLMB 22 33 37
FLMB 10 1 3
NILMB 24 34 31
SILMB 23 35 33
WLMB 25 34 33
(25) (40) (40)
Laboratory Study:
This experiment was begun on Nov. 22, 1988 when eighty individuals were
placed (10 each) into eight 200 gallon aquaria within an environmental chamber set at
constant temperature 4C. Eighty WLMB were placed into one aquarium on Dec. 6. This
was the only aquarium without individuals of other stocks present in order to prevent
cannibalism on the smaller WLMB. All stocks of YOY LMB were subjected to the same
conditions of starvation and diurnal light cycle which was synchronized weekly with the
30 year averages for Winnebago Co., IL (Pierce Lake). Information regarding average
times for sunrise and sunset were obtained from the Illinois Water Survey. The
progression of mortality was monitered and, as expected, showed an inverse
relationship between stock mortality and the latitude from which the stock originated
(Figure 6-4). WLMB show very little mortality despite their apparent size disadvantage
going into winter while TXLMB and FLMB stocks died off quite rapidly. Mortality across
the Illinois stocks was virtually the same.
Subsamples of up to 12 individuals of each stock were taken from the aquaria on
Dec. 12, 1988; Jan. 13, and Jan. 27, 1989 so that relative lipid stores across all stocks
could be compared during the course of the winter. Lipid analysis for the subsamples is
currently underway.
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FIGURE 6-5. Overwinter mortality of six different genetic stocks of largemouth bass held
in environmental chamber tank study (see text for explanation of stock codes).
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Job 4: Final Report
This study is continuing for three more segments. Thus, this annual progress
report, not a final report, was scheduled.
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